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BEHAVIORAL VARIABILITY, LEARNING PROCESSES, AND CREATIVITY

AIMS OF THE RESEARCH AND CHOICE OF TASKS.

ine present recearch iz conecificolly eimed et investigating properties
of behoviorel vorisbility in humens end et elucideting underlying
rnechonisms. Two mein cetegories of independent veriebles ere dealt :
environmental and cognitive factors. We study their interactions with
behaviorel varizbility es & function of development {ontogenetic approsch).

1.1. Environmential factors.

We went to aeanslyse the influence of seversl reinforcement
contingencies end visual feedbacks, on behavioral variability. .

The task used is o new version, for humen subjects, of the Yisual
Matriz (VN) technigue, borrowed from Vogel and Annau (1973). This
experimental situation is of course oniy one of the many situations, thet
could be designested to study behavioral variability, the common
characteristic of which should be to provide for 8 wide range of various
behiaviors. It is essentielly o simple problem solving task, with e number

of possibie solutions.

The device included @ 4 x 4 light bulb melrix and 2
response-buttons. At the begining of a trial, before any response has been
preduced, all the lights in the mairix are off, with the exception of the
upper ieft one. Any response on the left button has the consequence of
switching off the light and simultaneously of switching on the next bulb to
the right; eny response on the right button similarly result in e
displacement of the light one step from top to bottom. The trial is
completed and reinforced vyhen the light ot the bottom right corner ison. A

afler 6 reqponces - 3 on each button - in ony of the 20 possible
combinations. Every correct sequence is followed by & new triel. Any 4th
response on e given bution, after the extreme right or the extreme bottom
has glresdy been reached, terminotes the triel end another trial is
initisted. There ere 30 possible incorrect sequences. Subjects ere
genereliy presented sessions of SO triels.

Several suthors have elready used this version for humans, with




children (E1 Ahmedi, 1982) end with adulls (Schwartz, 1982; Boulenger,
1983 and WorQ end Peecock, 1S86). in our resécrch we edant the principle
of the metrix in an animate cartoon style, using & videoscreen controlied
by a8 micro compuler ({detailed description can be found in the
Method, pp. 12-13).
Three experimental situstions will be investigated:
- the normel situstion {matrix N) as described above.
- a situstion in which the visual displey does not give any usefull
information (random displacement of visual cues) {matrix R).
- @8 situation thet requires some varisbility to be reinforced {(one
sequence ill be reinforced, only if it is different from the two
previous ones){metrix D).

By manipulating the reinforcement contingencies, the visual feedbecks
end the presentation order of different experimental situstions, we hope
to define the subjects’ spontaneous variability and its evolution with this
tesk. We will try io answer the following questions:

- Does contingent reinforcement produce stereotypy, even when it is not
required ?

- What is the role of visual cues ? Do they influence the sequence form ?

- Is it possible to induce behavioral varisbility ? |

- Which role does pley the subjects’ experimental history, according to the
situations they have been presented 7

We will compare these resulls according to ege.

t 2. Cognitive factors.

{ntocenetic analysis 8s mean to understanding edull behavior need no
special erqument, after the demonsiretion of its usefuiness by Pisget ond
others. it should help us in identifying more accursiely crucial variables
ot work in behevioral variebility in human subjects and in sccounting for

. - b .- ~ ’ tethe ~ Commodnd XL 1 1ddmlm Yred g ~
thie strategies ihey use when confronted with multipie-soiutions




prodlems.

Teking  into  eccount the evelution of the steges of the
logico-rethemsatical thought, as described by Piaget and his coilaboretors,
4 ege groups have teen choosen:
~ 5-6 y.o. subjects, et the pre-operative stage and coming from Nursery
Schools.
~ 9-10 yo. subjects, at the concrete operative stege end coming from
Primary Schools.

- 14-15 y.0. subjects, et the formal thought stage and coming from Geners)
Secondary Schools {no Technicel School subject has been considered).
~ Adults, students ot the University.

Cognitive factors referred to here include the 'mbbih’tg of thought”,
the hypathesis testing, the enticipation of outcome and the copecities of
“abstrectness™. The choice of specific “cognitive® tesks has been
determined by the poscsibilities to use ot least one tesk with two
successive age groups, and to adopt & standerdized examination procedure.
¥e heve prefered the tasks with & concrete nature ( we wented to avoid
too many verbal behaviors).

The following “cognitive” tasks have been selected sccording to the
capacities they allow o assess:

- The seriaticn, the classification and the inclusion quantification tasks
will permit 1o evaluate the cognitive stage (in the Piagetian
nomenclature) of the 5-6 y.0. end of the 9-10 y.0. They will also allow to
0ssess their mobility of thought determined by the different criteria
number thet the subject uses, successively or simulteneously to errange
the elements. The difficuity of the tesks is & function of the subject’s age
{simple multiplicetive seriations; Level | Level 11 classifications).

- the serial classifications combine in & single situation, the operations
of seriation end of clessificetion, as spproosched in the clessical Pioget's

procedures. These tesks ellow, following their suthors (Botson end

3




Deliége, 1976) to eliminote the problems linked to the erbitrary nature of
clessificetions, for & given melerisl, there is here only one possible
correct errengement.

Two situations ere possible': one where the perceptive impression
corresponds to the system logic (perceptive serial classifications) and one
where the perceptive impression conflicts with the reasoning
(non-perceptive serial clessifications). According to results already
obtained with these tasks we have decided to use only the perceptive
serial classifications with the 5-6 y.u. and with 9-10 y.0., end only the
non-perceptive serial classificetions for the 14-1S y.o. end the edults. We
heve selected o part of the oveilable items.

The serial classifications will allow to complete the informetions
obtained with the Piagetian classification tasks (for Nursery, Primary and
Secondary School subjects) end to assess the “abstractness”™ cepacities
end the "mobility of thousht” of edults.

- the permutation task (Fiagetien task of the fbrmol logic) will be
proposed lo edolescents (14-15 y.0.) end to edults. It aims to sssess the
rule “sbstrectness” cspacities. The rule generslization capacities and the
cepecities to use o systemetic procedure in the seerch of o1l the ~-2sible
permutetions.
- The rrench version of the Group Embedded Figures Test hes been chosen
to differentiste the subjects, according to their field-dependence or
independence. The “field-independent” cognitive style is determined by the
subjecl's capacity to percieve one element independently of its context,
end it is linked to the subject’s cepacity to edopt en enalylic attitude ineo
problem solving tesK. This test will be proposed only to adolescents and to
edults because thera is no French version of it adepted for the children.

At the end of our enalysis we will try to esteblish relstions
between the subjects’ cognitive capacities, and their performance end

their verisbility et the Visual Matrix task.

4




2 METHOD.

5

[
It

.1.Subiect

we heve excluded, from an initial sample, subjects whose dete could

not be entirely used (recording errors or “testing™ problems). wWe have kept
date of some 5-6 yo. subjects, whose “cognitive™ data were unussble,
peceuse of the greoter difficulties to oblein complete date with these
young subjects. Fineily, we have 368 subjects in our sample {varisbility) :

-5-6 y.0. subjects : 79 subjects aged between 4.11 and 5.11 years
{mesn age : 5.5), coming from 5 nursery schools.

- G-10 y.0 subjects : 91 subjects eged between 9.2 ond 11 yeers
(mean age : 9.9), coming from 7 Elementary Schools (4 th grade).

-14-15 y.0. subjects {adolescents) : 98 subjects eged between 13.1
and 15.8 years {(mean age : 14.8), coming from 5 Secondery schools (3 th
grade) .

- sdult subjects : 100 subjects ecec between 183 ant 247 yeers

(mean &ge : 20.1), all students at the University of Ligge.
In each age group, subjects have been, before experimentation, randomiy
distributed emong five experimentel groups, according the design

presented below.

2.2. Materials and procedures.

Subjects have been seen individually three times, at about 24 hours
intervals, in a room of their school.

2.2.1. Yisuel Malrix tesk:

The tesk is & new version, for human subjects, of the task borrowed
from Vegel end Annau (1973).

The device includes & 4 x 4 meatrix end two response-buttons. The
metrix principle is odepled in en enimate certoon styie, using @

videoscreen, contolied by a microcomputer {Commodore 64).

5
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The subject is presented with a bank building with four floors and four
windows, ot esch floor. A moneybeg is visible in the upper left window, ot
the biginning of the triel. Any response on the left butlon has the
consequence of moving the bag to the next window to the right and eny
response ot the right button similarly resulls in a displacement of the bag
one step from top to bottom. |

The trial is completed and reinforced when the bsg reachs the bottom
right window. This means thet the subject has produced o correct sequence

of responses on the two buttons. A correct seguence is defined os @

sequence in which the “goal” (bottom right window) is reached after six
responses - three on eech button - in any of the 20 possible combinations.
No toierance is made for “extira-responses” that is, any 4th response on 8
given button, efter the extreme right or the extreme bottom as siready
been reached. fn such cases, the trial is teminated and another tnal is
initieted (the moneybag eppears in the upper left window). They are 20

noszinle_incqrract zecuences Every reinforced sequence is elso followed
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nee new el Thew are secarnted by inter-{riafs intervale of 5,3 ceconds
“Ume feUveen ne 133t pusa Gn one Dution ang & new posiibility to begin o
respenses sequence)

when 8 sequence is correct, the pag falls into a wheeibarrow pushed by
8 securityman, who takes it to & safe Each bag put into the safe adds one
points to & counter and the safe fills up a little (always the same unity). If
the sequence is incorrect, the bag falls into the wheelbe: row, but e thiefs
arrives and tekes it awey.

The microcomputer records the responses as well as the times of
resitzation and of latency.

Three different metrix types have been investigated :

1. Mermal Matrix IN) : the mestrix and reinforcement principles are

thoze gescribed above.

2. Rendom Matriz (R) : though the rules remein the same os for es

sequences of responses are concerned, the visual display dees not give any
uiefuii informeticn. After & response, the bag moves rendomiy to enother
window and no particuler window is o "goel”.

3. Normel Matrix with Differentia! RPeinforcement (D) : the principies

ere the seme as in N, except for the rule of reinforcement. A correct
sequence 1S here reinforced if it is different from the two previous ones
{(correct or incorrect).

Five experimental groups have been formed from these matrix types:

Exrerimentel Session 1 Session 2 Session 3
groups

1. N N N

2. N R N

2 by D N

4 L R b

5. R D N
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ach subyect hgs Deen submitied te three cessions of S5 trisls each

{thorg tg apoul 24 nours belween the zecsions) Subjects of our semple ore

distriputed intc the S experimental groups sccording fo the following

design:
' AGE ! 5-6 Y.0. ! !
. | | [P | [P | S S ' '
' GROUPS ! NNN ! NRN ! NDN ! DRN ! RDN ! TOTAL !
| [ | . S [ SNSRI
! FEMALES ! 8 ! 12 ! 8 ! 6 ! 91 43 !
f e e [ [P P  J . oo { R | QP t
'MALES 7! 6 ! 8 ! 7! 8 ! 36 !
S | S | S, | S | S | JE U | '
' TOTAL ! 15 ! 18 ! 16 ! 13 ! 17 1 79 !
' AGE ! 9-10 Y.O. ! !
S, | | [ [ [P | SR ! '
' GROUPS ! NNN ! NRN ! NDN ! DRN ! RDN ! TOTAL !
. | [P | . | S PSS | RS | S, !
' FEMALES ! 10 ! 10 ! 9 ! 7! 9! 45 !
SRS | [, | [ RS | '
!MALES ! 10 ! 8 ! 10 ! 10 ! 8 1 46 !
| R [, Y mmm oo | I | S, | | . '
' TOTAL ! 20 ! 18 ! 19 ! 17 ¢ 17 ¢ 21 !
' AGE ! 14-15  Y.O. ! !
R R R R i R i R ! !
! GROUPS ! NNN ! NRN ! NDN ! DRN ! RDN ! TOTAL !
| | S | S, | | S | S YR | '
! FEMALES ! 12 ! 14 ! 12 ! S ! 12 1 59 !
e | e [, S | J !
'MALES ! S ! 6 ! 7! 1z ! 91 39 1
R et R f - - - R e L it R !
' TOTAL ! 17 1 20 ! 19 ! 21 ! 21 1 98 !
! AGE ! ADULTS ' !
R e e R R et R R R ! !
! GROUPS ! NNN ! NRN ! NDN ! DRN ! RDN ! TOTAL !
P | . | R | JORNON e e [ S ]
! FEMALES ! 8 1 10 ! 6 ! 7! 8 1 39 !
leccem e e e e | P, e e o | . [ [P, | (P, {
'MALES ! 13 ! 10 ! 16 ! 13 ! 11 1 61 !
| | [P | R | S [ | S 1
! TOTAL ! 21 ! 20 ! 20 ! 20 ! 19 ¢ 100 !

Table 1T : Subjects®' distributions 1in each age
group, according to experimental group and to sex.
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Subrecis were told that thew task wes to siore 25 many moneybags end
to cocumnuiste as many points 8s they can, by pressing the two butlons {one
et orce).

222 "Cognitive” tasks.

Besides the Matrix task, subjects have been submitted individuaily to
tasks simed at assessirg their cognitive level, “mobility of thought™ and
cognitive style* . (detailed description of materisl, procedures end

instructions for gach task can be found in Annex, pp.2-12)

A) Nursery school subiects : 4 tasks.

1. Simple serialion and intercelation.

~N

. Free, dichotomic and multiplicetive classifications

(level 1: 3 criteria of dichotomy).

Ol

. Inclusion quantificetion.

D

. Perceplive serial classifications.

B) Elementary schoct subjects (dth grade) : 4 tasks.

1. Multiplicative seriation.

2. Free, dichotomic and multiplicative classifications.
o) level 1: 3 criterie of dichotomy
b) level 2: 6 criteria of dichotomy |

3. Inclusion quantification.

4 Ferceptive serial classifications.

* The test eimed ot essessing Field-dependent end Field-independent
cognitive styles, hes been proposed to adult end edolescente only because,
at the exnerimentation time, there was no similar test edapted for chiidren
mrrencn.




C) Secondary senend supiects (3th grade) : 4 tesks.
1. free, gicholomic and multiplicetive
classificstions (level 2: 6 criteria of dichotomy).
2. Non -Perceplive senal classifications.
3. Permuteations.
4. Group Embedded Figures Test (GEFT)

(Field-dependent and field-independent cognitive styles).

D) Adult suhjects - 3 tosks.
1. Mon-Perceptive serial classifications.
2. Permutations.
3. Group Embedded Figures Test (GEFT).

10




. RESULTS AND CONCLUSIONS

Ol

1o Vizusl matniv tack.

<l

cues.

—r =

Ten cues hove been selected to provide optimal information ebout
performance and behavioral variability in the Matrix Task. Their values are

calculaled for esch subject and for each session of SO trisls.

1. The nercentane of carrect sequences : $ €.S.

2. The mean time of reslization of one sequence : HTR.

A sejuence begins with the first push end ends with the iest push on one
of the two response-butlons. Correct sequences and incorrect sequences

are bolf considered.

3. The mean time of istency: MTL.

ft's the time between the moment when & first lamp on the visusl
metrix is lighted on snd the first push on one response-buttons, thet

initiates a sequence.

4. The uncertainty of sequences : U(S).

This cue is derived from the Information Theory (Shannon and Weaver,
1948), the t permits to estimete the information of & message Xi:
(1 (x1)=-1ogp p! ), with pi being equal to the probaptitty of occurrence
of & in 8 set of messages : X = { Xy, X, X3, ... X,}. The global

information” of the set of messages, called uncertainty U(X), is equei {0

the weighted sum of the informstion of the different messages :

11




n

UX)=- = pilog, pi

i=1
Sn we talculate the Lincertainty of seguences U(S) on the set of sequences

produced by cne subject during one session of SO trials :

S0 sequence i frequency
Us)=- ==  pilog, pi , with pi =
1=1 30

The unity 97 this cue i the bit, since logarithms are in base 2. U(S) is
maximum 17 811 sequences are equiprobable : U(S) = 1042 50 =564, ...... It
is 0, if only one sequence ic emitted during the session. It s use is to
estimate the general degree of variability of the sequences in 8 session.

5. The_number of different correct sequences : NCS. (0 to 20).

6. The_uncertainty of cerract sequences : U(C.S.).

20 correct sequence i frequency
U(CS)=- g pi logy pi .vithpi=
i=1 total number of correct sequences

produced by the sudject

7. The number of different incorrect sequences : N{1.S.). (0 to 30).

8. The uncertainty of incorrect sequences : U(L.S.).

30 incorrect sequence { frequency
0(1.5)=- = pilogy pi , vith pi =
i=1 total number of incorrect

sequences produced by the subject

2 The percentace of the domirant sequence: 3 D.S.

It's the sequence that is the most often emitted by a subject in a sescion.
!t can ¢iffer, for the same cubject, from one session to another.

12




10 The number of carrect secuences differing from the 2 prewvioye ones

foorrectorincerrecty . NS 2.

it corresponds to the mode of reinforcement in the metrix D.

Means end standard devietions for each cue end for eech experimentel
group, eccording to ege end to session, cen be found in Annex, (p.13-24.
{teble 2 w wcdle 11). Individuei dete er2 too lerge to be included in this

report.

13




S U1 EfTecte af the Tactiar ane and of the factar sezcion

kesults are presented here for each experimental group.

Anelysis of variance (AMOVA : F) is completed by twc other

stetisticel anelysis:

- Student t-test for related samples : comparing the evolulion of each
cue, according to the 3 sessions, for the same experimental group and the
same 8ge group.

- Student t-test independent sampies : comparing the evolution of each
cue, sccording to the 4 age groups, for the same experimental group and the

seme cesSion.

14
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111 Exserimentsi oroup MMM {see figurest snd 2 ,pp.26-27).

- Performence

in each age group, there is an increase of the 8C.S, from the first to
the third session. The 5-6 yesrs old {y.0) subjects oblain the lowest 8 C.5.
in each session {significantly different only for the first session). Their
performence progressively epproachs this of Lthe other age groups. The lotter
neve, ot once, very high levels of % C.S. (> 90%).

The inter-individuai differences in the adaptation {0 the task are
greater for the youngest subiects, as noted by the standerd deviations (see
Annex p.32-34tedle 2 to tabie 11).

These ceems to be a concordance between results obtained on
reslization times results on performance : MTR ere significantly reduced
Setween the first end the sscond session, for all the age groups. They are
still decrease_d for the 5-6 yo. during the last session. Generally, the

voungests are the lowest and the oadults, the festest {(for MTR and MTL).

- Veriability :

Farallel to the increase of performance, we note on increcse of
sequences siereotypy, es giobally shown by the cues that estimale the
degree of sequences variability. This is especially marked from the first to
the seccnd session end for the first {wo age groups.

There is no significent difference between age groups, if we 100k at
the varisbility of correct sequences. But we find & slight tendency for the
5-6 y.0. to be more stereotyped and for the 14-15 y.0. to be more variabie.
The youngest subjects use, on the contrary. mers incorrect sequences and

ere significantly more variable than the other sge groups.

15
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1.1.2. Experimental oroup NRM. (see figure.s end 4,pp-30-31).

w1

- Performence :

The metrix R produces e significont decrease of the performence in
ali the age groups. The ® C.S. returns to its initiel level during the last
session, for the first three age groups. It rises slightly for the edults.

Tne 5-5 y.o. conslentiy obtein the iowest 8 C.S. The Elementery
School subjects seem {o be the most disturbed by the incoherence of visual
cues in R : they show the must importent decrease of the £ C.S. ond then
attain & fevei similer {0 the one abtained bé the youngest subjects.

Reeiization times ere elso modified by R : they incresse from the
first to the second session, except for the 5-6 y.o. whose MTR stays at the
seme high level then during the first session. Afterwerds, they oere
significantly reduced to a lower level than that resched in the first
session, still except for the 5-6 y.o. whose MTR remains importent. Times of
latency ere not so much influenced by R, except for the youngests whose MTL

constantly stay et hign levels.

- Yerighility : |

For oll age group, the variability oi incorrect sequences {LX1S) and
N(1S)) incresses significently with the matriz R. This is consistent with the
decrease of the performance in R and explains, for major part, the increase
of general varisbility (U (S)) among the 5-6 y.o, the 9-10 y.0. end the sdults
(significant oniy for the first two age groups). Despite the higher veriability
of incorrect sequences, global veriability (U(S) end & D.S.) remains steble
among the 14-15 y.o. This cen be explained by the slight increasse of the
correct seguences stereotypy in this age group, instead of the slight
decreese of this feature in the other age groups.

During the lest session, the veriebility of incorrect sequences is

significently reduced for all the subjects, while the 5-6 y.0. maintain the

18




fnghest jevel
The 2-i15 y0. end the 14-13 y.0. became more sterectyped then during
the first session and reach the lowest tevels for all the correct sequences

variability cues.
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I 13 Superirrentel aroup HOM (see fioureSand 6 ,pp.34-35).

- Performance :

The constraint of variability in D does not stop the increase of Z CS.
Sublects behave like in the first experimental group NNN even if we observe,
in the present cese, differences between ege groups during the second
session. Indeed, the first two sge groups do not increase their £ C.S. es
much s with N in second session and the two others reach a slightly higher
tevel But, we moy suppose that the differences between sge groups ere due,
ot Teest in port, to stight differences in the sampie of subjects.

e magt fale era inta azepunt 8 veriability cue thot corresponds to
the mode of reinforcement in the metrix D : the number of sequences

giriering frem the two previous ones (NSDQ). It gtves, tn tact, the rea!

performance of subjects with D and it ellows to assess their adaptstion to
the varigbility reguirements.

During the second session, we have @ significant increase of NSD,,

for ali the age groups, but the percentage do not resch these obtained with
the matrix N in first session { 328 < 81.5% for the group 1; S0.668 <88 &
for the group 2; 77.5% < 85.62% for thé' group 3 and 75.46% < 81.57% for the
group 4). The youngests have more difficulties to adapt themselves o the
task in D. 1t is noted that they slready differ in N from the last tv/o age
grouos, on that subject. This observstion can be attributed to the hazards of
sarnpiing : the youngests of this experimentsl grou~ produce, at once, more
correct.sequences and are lzss verisble than the youngest sutijects of the
first two experimental groups. In D, they are able to raise their varisbility,
but they do not seem to understand the precise requirements of the task. We
are, propably, faced with a simple respondent effect of the reduction of the
numoer of reinforcements. It is likely to find, at least in part, the samé
phsnomena among the 9-1C y.o, even if thair performance is betier (thay

8150 sicmiicantiy differ from the older subjects). Acdclescents and acults

oy
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keae sirilar pesfor~ances end show 6 5ood odeptetion to the consiroint of
vareptinty.

Except for the first age group, NSD, i€ higner in the thirg than in the

first session, sugjgesting that these subjects are influenced by their earlier
benaviors in D. No inter-age groups difference subsists here.

Realizetion times ere net significently decressed during the second
session, but they ere during the last session. Times of lelency are longer in

U thenin M ior the 3-6 y.0.

- Yariability -

Tre mairix le3ds to e significent increase of general variability,
which can de expiained, for ell the ege groups, by the increase of the
veriability of correct seguences. Except for the edults (decrease of this
feature), the variebility of incorrect sequences steys neerly stabie, but the
5-6 y.0. have a higner U(SI) than the last two age groups and, like the 9-10
y.0., produce more different incorrect sequences than the other subjects.

in each session, variability raises according to age. The 5-6 ¢.0. ere
much more sterentuped. Behaviors of adolescents and adults are comparable
from this point of view.

The metrix D influences the subsequent behaviers of the last age

groups. As mentionad sbove, their NSD, is higher in the third than in the

first session. They also produce more different correct sequences. U(S) and

U(S.C.} are higher (significant only for adults).
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V.1 & Zxoerivrentel group DP M {see figure:7 and 8 ,pp.39-40).

~

'(_:l

- Berformence :
¢) Matrix D : The & CS. are similer, for 8}l the age groups, to those
optained during the first session in the experimental group NNN. So, the

matrix D does not infiuence the 2 C.S,, 8s has already been noted in NDN.

The percentage of reinfercement (NSDZ) incresces according to age,

with adelescents end edults reaching compareble levels of performence. The

5-10 y.o0. have 8 NSD, closer Lo these of the older subjects, than in D in the

zocond coccion For the goungestﬁ,’ the same comments as for D in NDN cean
probably be noted (gifficulties to meet the requirements of the tesk and
existence of & respondent effect of the number of reinforcements
recuction).

b) Matrix R : Except for the S-6 y.0.,, whose 8 C.S. stays stable, there
is & decrease of this cue in R (significant only for the groups 2 end 4). The
9-10 y.0. 8gsin seem to be the most disrupted by the incoherence of visusl
cues {see N.RN). They are even worse than the 5-6 yo. {bul not
significantly).

c) Matrix_N_: The % C.S. is significantly increased in all the age
groups. These percentages are higher than those observed during the first
session (significant for the groups !, 2 and 3) end are similar to those of
the third session in NNN.

In D, realization times are reduced according to age, with the last
two age groups reacting in the same way. The 5-6 y.c. complete the
sequences more quickly during the second session. Their MTR is comparable
to that of the 9-10 y.0. The older subjects do not behave very differently
fror each other, but edolescents have & slight tendency to be more rapid and
sdults slower. In N, realization times are decreased for all the age groups.
This cue steus et a quite high level for adults, in compsrison with the
veiues it reacnes during the third sessions of other experimentsl groups
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igramnicantiy Sitrerent trom zooiestents’ Mix). Times of letency sre

genereiiy higner for the first two oge groups.

- Yariehility

e) Metrix D : The first age group is the most stereotyped end its
general variability con es well be explained by the variability of incorrect
sequences es by the veriability of correct sequences. Looking at the number

of reinforcements (NSD,) they receive, we may essume that their

behaviorel veriability is less structured (adspted to the contingencies of D)
than that of e oiger subjects.

Adolescents ang ecuiis ara the most variabie. The 5-10 y.0. behave in
the seme way, though they have & superior U (IS). The global veriebility of
these three age groups can be explained, for the largest part, by the
varisbility of correct sequences.

b) Metrix R : Globel variability decresses in R with recards to D

(sugmentstion of 2 D.S. and decrease of U (S), U(CS), NSD,, NCS) among

adolescents and acults. The 14-15 y.0. become the most stereotyped and
adults keep 8 level of varisbility of incorract sequences mors important.

The first two age groups stay st a higher level of variability (U{S))
then the older subjects {significant only for the group 2), even if their £ D.S.
also increase. Their globai verisbility reflects the varisbility of correct
sequences and especisally those of errors. That festure is particularly
sccentusted among the 9-10 y.0. and it goes in the same sense as their bad
performance in R. The youngests adopt less different behaviors with regard
to D, then the 8~10 y.0.

¢) Matrix N_: For the last two sge groups, the better performance is
paralieiled with an increase inthe variability of correct sequences. It is,
inceed, higher here than inR.

The 5-6 yo. become more stereotuped (similer level to this of the
third session in NNN; and the 9-10 y.0. keep 8 high Tevel of globsl variability
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{tney sre still tne most veneble. but not significantly). The U(1.S) of these
2 groups decrecse in accordence with their pbetter performonce, but stoy

significently superei uren the U(1 S) of the Yast twe age groupe.
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1.1.S £xperimental group RDN. (see figuresS and 10 »pp-43-44).

ol

- Performence :

o) Motrix R : The 5-6 y.0. subjects do not seem to be influenced by the
incoherence of visual cues in the first session. They behave in the same wey
as with N or D in the first session, and even obtained the highest 8 C.S. The
most disrupted sre egain the 9-10 y.0., with the towest 8 C.S. The lest two
sge groups sisc resch lower levels of performance, in comperison with the
other experimental groups.

b} Matrix D : The youngests keep e simiier 8 C.S. to that of the first
session. Among the other subjects, the & C.S. increese greetly (significently
superior to this of the 5-6 y.0.).

Percentages of retnforcement (NSD,) significantly raise in D for the

groups 2, 3 end 4 The adaptation to the constraint of variability shows e
tendency to increase according to ege. But this edeptation to the metrix D
doesn't seem as good here as in the other experimentel groups including D.

¢} Matrix N : During the third session, the 5-6 'g.o. stay at the same
level of 8 C.S,, then during the first session. The others reach higher levels
of reinforcement (> 503 C.S.), 1ike in NNN ( significently superior to this of
the 5-6 y.0.).

Times of realization and of latency decresase, for all the age groups,
from the first to the last session. The 5-6 y.o. sre always the slowest
(significent only for the sessions 2 end 3) end the 14-15 y.o. have ©
tendency to be the festest. Aduits get the same levels es those obteined by

the last subjects in the third session.

- Yariapility:
8) Matrix R : For eil *he subjects, the veriebility of incorrect
eequences is higher than the veriability of correct sequences.

The Primery Scheol sutjects ere significantly the mest verieble,
31




writh regarc to correct ond incorrect sequences. The S-6 v.o. ond cduits cre
the most stereotuped. Paraliel {o their good performance (the best of ail the
ege groups), the youngests show the iowest wvarisbility of errors
significent for U(IS) end NIS).

b) Metrix D : The variabiiity of the 5-6 y.o. stays nearly stable, as
well for correct sequences es for incorrect sequences. They produce more
often their dominant sequences end are significantly more stereotyped then
the other subjects, with regard to their correct sequences. The 9-10 y.0. do
not change their veriebility of correct sequences, but strongly reduce that
of incorrect sequences. This last point cen explain why they become globelly
less variabie than in R. The sequences uncertainties of the last two age
groups increese (significantly for edults). it's the reise of the correct
sequences veariability that accounts for it, since the incorrect sequences
veriedility significantly decreeses among these two group.

¢) Metrix N : In esch ege group, giobel venebility end, perticulerly,
the verisbility of incorrect sequences are lower during the third session.
The uncertainty of correct sequences is lower in N than in D, for all the
subjects, end is @ bit lower then in R, for the first two oge groups. It's
higher than in R for adolescents and adults.

The 5-6 y.0. ere the most stereotyped with regerd to their correct
sequences ond the most veriable with regerd to their errors {significent for

the following cues : U{1.5.), N.I.S,, U{C.S.)).
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T L fnter-erperimental groue comeeiseng

Principles of analysis.

1. Comparison of behaviors, eccarding to motrix type ond to age.

A Melve subiects : We compare the reswiis oblained with ‘the

metrixes N, R and D in first session, to study spontoneous behoviors
presented by naive subjecis feced with these matrixes.
in each age group, we have essembled the resulls of subjects who
heve received N in the first session {subjects from experimental groups
NNN, NRN end NDN), in order to compare the set of their results with those
of subjects who have received R or D in first session (subjects from
experimentel groups RDN and DRN). The generel profile of results with N in
Tirai session is celled "globel N° (GN).
e also compare the matrixes R and D, in the first session.
After having assessed, for each cue, the effects of the factor “age”
end of the factor "matrix” {Anove (F)), we compare :
- the three matrix tupes inside each age group
~ the four age groups faced w.th each matrix type

{Ancve (F) and Newman-Keuis proéedure {NK)).*

B. Pre-trained subjects with the melrix N in first session : We use

the serne principles of analysis, to compare the results obiained with the
matrizes N, R end D, by pre-trained subjects in N. So, we take here into

cccount the second sessions of experimental groups NNN, NRN and NDN.

* When application conditions of these feste are not satisfied when variances are ot homogeneous
ond when $i2¢s of compared groups are too different; (for exsmple, when naive subjects with Nin
the Nirst seszion (GN) are compared with other subjects), we use non- parametric tests - {%<) and

Man-Ytitney (UY.
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2.Z¥7ente of different are-iraimngs.

A we compare the results oblained with the meatrix R in the secong
sescion, according to pre-training in N or in D {subjects from experimental
groups MEN and ORN) end eccording to age.

B. We compare the results oblained with the matrix D in the second
session, according to pre-training in N or in R (subjects from experimental
groups NDN and RDN) end eccording to ag?

Car A end for B, we use Studenrt-T test (t).

C. we compare the results obtained with the matrix N in the third
session, eccording to five possible pre-trainings (NN, NR, ND, CR and RD) and
eccording to ege.

we use the same stetistical tests then in 1.A.

(for the mesns of each cues according to ege end to presentotion order of

matriz tupe, see lable 12 {o table 21, in annex p23-31)

3. Domirent Segquences.

This cue has been seiected for its possibilities to bring more
quaiitative informations about the organization of subjects’ behaviors.

We give the results concerning the dominant sequences (DS) inside
the different types of enelysis described here above,for the first session.

We have distributed all the dominent sequences into four groups,

sccording to our anterior observetions (more frequent DS types) :*

1. Corner sequences (AAABBB or BEBAAA).
2. Diagonal sequences (ABABAB or BABABA).
2. Other correct sequences (AABEBA, BABBAA, ..., for example).

4 Erroneous segquences (AAAA, BBAABB, .., for example).

*A = one push on the nght response- button
B = one push on the left response- button.
36




w2 znaivze the DS distrnbution according to matrix type in one ege
grout =na eccorcing to oge for one metrix type. We give the contingency
tedbles, including the fregquencies and the percentages for eech DS type.

we did not make this analysis for the second end the third session,
because of its exploratory nature. Qur purpose was, in fact, to determine the
matrix type effects, sccording {95 eage, or the DS cheice. To eneluse the
evoiution of the DS distributions in the other sessions, would have imply to

censtder individuel DS changes end wouid have need Loo ccomplex anatyses.
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212 Comoarizon of hehaviors, according to matrix ‘upe and to

1
oo

9

3.1.2.1.1. Naive subjects (iWiNN, RDN, DRN) (see figuresti, 12,13 ,
- Adult subjects - . Pp.53,54,55).

The results of edults show that they are sensilive to environmentas)
foctors end to perticuier contingencies of reinforcement :

- Their percentage of correct sequences is lower inR than in Norin
D end, in the same woy, the veriebility of incorrect sequences (U(!S) and
NS1) is higher with R then with the two other matrixes. _

This suggests that ecults’ behaviors are disturbed by the incoherence
random dispizcement) of 1ight cues.

- These subjects are able to sdopt more variable behaviors, when
centingencies of reinforcement require it : the global variebility (with
regerds to ®DS endU(S)) is grester with D, end it can be explained by the
variebility of correct sequences (U(CS) and NCS), that is significently higher
inDtheninNorinR.

They show @ good comprehension of the constraint of variability
(NSD, is the highest tn D).

- It's the task in N that takes the lowest time (as well for MTR es for
MTL). MTL ere similer for R and D, but MTR is higher with R.

- The DS are significantly differently distributed according to metrix
types. That difference may especielly be attributed to R effects : with this
matrix the greatest part of subjects (73.78) prefer diagonal sequences es
DS, while in N and in D, the subjects prefer corner sequences (respectively,
7.,1% end 60%).

Two igpotheses can be suggested the subjects have not eny visuel
lendmerk in R and the essiest wey to solve the problem is to adopt a
‘motive” eiretegu, it's to ey, just to slternete their pushes on the two

rescense-buiisns. On the other hand, the results may also suggest that w*h
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The subiects show a slight tendency, in D, to choose more often other
sequences than corners or diagonels as DS, then in DN This is probiably one
effect of the veriebility constreint, but thet phenomenon is not very

pronounced in the adults’ case.

-14-13u0 subiects:

- in general, edoiescents behave in 8 similer way to eduits. The
numper and the venability of incorrect sequences are greater in R and the
veriepihiy ¢f correct sequences is higher in D. )

- Even if the ANDVA eccording to age factor for each matrix type)
gees not reveai sny significant difference between adults end sdolescents,
the letter tend to be more disturbed by the incoherence of light cues and to
perform better'in N and in D, then adults. On the other hand, they aiso show o
tendency to be more veriable with each matrix type.

- MTR is higher witnh R than in the other ceses.

- As for adults, the DS differ according to matrix type.

in N and in R, we observe the same distributions than for these last
s'ubjects, but we note o difference between the two age groups in D :
edolescents prefer 1o make other sequences than corners or diagonals. This
remark seems to support the hypothesis we have already suggested,
following which ednlescents would tend, in D, to edopt more various

benaviors than the subjects of other ege groups.

-9-10 u.0. subjects:

- Like for the older subjects, the number end the varisbility of
incorrect sequences ore higher in R and the variebility of correct sequences
is gresterinD.

But the varability of incsrrect sequences is here more impartant in
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D ther in M oeng the verizority o7 correct sequences is more important in R
tnen in M. The differences between motrizes R and D ere not so greot for
these subjects, as comparad to the two groups alresdy described. Both, the
higher veriability of correct sequences in R and the less good sdeptotion to
variability contingency in D, explain why there is no difference between R
and D with regard to the giobal variability.

-The 9-10 yo. subjects ere much more disturbed by the rendom
gisplecement of H‘ght cues, than are the other age groups : their performeance
is significantly inferior and they ere more verieble (even for correct
sequences) ' R.

They heve conversely e tendency to be more stereotyped in N and in D, with
regard to correct sequences than the older subjects (however, differences
between ege groups eren't -significant for this last point).

- MTR and MTL ere the Jowest in N.
in D, these subjects are significantly slower thaen the older ones end they
tlso complete thé sequences siower then those in N. No difference between
ege groups in R, has been noted as this motrix takes more time to be solved,
for ail the subjects.

- Their DS in N are similar to those of adults and adolescents.
in D, they behave in an intermediate way to these two age group {they have
neariy es much corner DS as verious DS). In R, their behaviors are not very
different from those of the other age groups {more diagonal DS) but, peroliei
to their bad performance in R, they show a tendency to choose more often
erronecus DS (¥2 between age groups is not significant) and they have a

percentoge of diegonal DS Tower than these of the other subjects.

-5~6 y.o. cubiects:

- Contrery to the other ege groups, the S-6 y.0. ere not very disturbed
bu the incoherence of visuei cues inR. Their 8 CS is similer to the one they

ooiain with h. They even pericrm better than all the other groups of
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suciects Inpt-significent fetween them end the iest two oge groups)

Tnew ere or they tend {it depends on wnich cue is being condidered), with
adults, to be the most stereotyped. Tet lower behavioral variebiiity in R con
sccount for their betler perTormence.

[t would be the opposite phenomenon to which we observe among the 9-10
y.0., who are theworst performers and the most variable inR.

- On the other lond, they have the greatest difficulties to edopt more

variable behaviors when the reinforcement contingercy reguires it {lheir %
€S end NSDZ ere significantly Jower than those of other subjects).
They show themselves more variable with D than with M, with regard to the
g'obel veriebility end to the variability of correct sequences, but it is not
true for every cue (NCS is not different from those of other matrixes).
However, o1l these cues ere less importent for this age group in N end in D,
then for the other subjects. They are thus the most stereotyped, from this
point of view, with these matrixes, but they ere still the most varisble with
regard {o incorrect sequences.

- Except the grester variability with D in comparison with N, these
subjects edopt quite constent behaviors, independently of particuler
conditions 1o which they are submitted.

= MR ond MTL ere similer for the three matrixes.

The 5-6 y.0. subjects are always slower than the other ones.

- Except in R, where DS are sbove 811 diagonal sequences for all the
subjects, the 5-6 yo. differentiate themselves from the other subjecis.
They always emit more diagonal DS. This observation concords with the
remark we pointed out earlier about the constance of their behaviors in all
situaticns.

They 2dopt the most frequently the “motive™ strateqy, that leads to
reinforcement in N end in R, without the necessity to link their pushes to
dispiacement of licht cues. They reect, in foct, like the other age group inR,

when the visual feedback cannot be used to solve the task. Thet ellows them
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o nace through difficuliies, even if they do riot reolly understand whet s
geing on. in that sense, they show & gouod behavioral adaptation for their
young oge but, in scme CA%E, like in D, it does not help them to obtein

reinforcements, because their behavior of fers them few possibilities.
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DOMINANT SEQUENCE TYPES

GN
! AGE ! 5-6 Y.O. ' 9-10 Y.O. ! 14-15 Y.O. ¢ ADULTS !
1DS ! N=49 ! N=57 ! N=56 ! N=61 1
S, R ettt e e !
! 1 1 20 ! 49 1 44 44 1
1 CORNER 1 40.80 1} 86.00 ! 78.60 72.10 !¢
| B L I et L i L e et b b !
1 2 - ! 21 ¢ 4 1 4 L= T |
1 DIAGONA ! 42.90 1 71 7.0 1 14.80 ¢
f-commmm - R | R lommme oo e R !
! 3 ! 4 31 8 ! 8 1
1 OTHER ! 8.20 1 $.30 1 14.30 1 12.10 ¢
R T e P L et fomnomm e L il L et !
] 4 H 4 11 ! !
! INCORRECT ! 8.20 ! 1.80 ! ! 1
R
! AGE ! 5-6 Y.0. ! 9-10 Y.0. ! 14-15 Y.O. ! ADULTS '
1DS ! N=17 ! N=17 ! N=21 1 N=19 !
R | et | et P | it Pt L it e 1
! 1 L] ! ! 1! 1
! CORNER ] ! { 4.80 f £§.30 ¢
LR ettt L R it L ittt e e e e !
1 2 1 17 1 11 !¢ 16 ! 14 1
! DIAGONAL ! 100 ¢ 64.70 ! 76.20 ! 73.70 1
| ittt L R etk R e L e L e L !
1 3 ] ! 21 21 21
! OTHER ! ! 11.80 1! 9.5%50 ! 10.50 1
L it 1 e R bttt L et R el !
1 4 f ! 4 ! 2! 21
! INCORRECT ! ! 23.50 1! 9.50 1§ 10.50 1
D
! AGE ! 5-6 Y.0. ! 9-10 Y.O. ! 14-15 Y.O. ! ADULTS !
I1DS 1 N=13 ! ‘N=17 1 N=21 ! N=20 !
R et e | R ettt et P N i L e e R ittt |}
| 1 ] 11 8 1 6 ! 12 ¢
1 CORNER 7.70 ¢ 47.10 1 28.60 1 60.00 1!
| i | R ettt L ettt L it e e !
1 2 1 10 ¢ 21 21 31
1 DIAGONAL 1 76.90 1 11.80 1! 9.50 1} 15 1}
R e LT | R R s L ettt L ittt R L ettt L
! 3 ! 1! 7! 13 1 4 Y
! OTHER ] 7.70 1! 41.20 ! 61.90 ! 20
R T e e R it L e e - L !
1 4 ! 11 ! ! 11
! INCORRECT ! 7.70 1 4 ! -3 |
Fig. 13 : Frequencies and percentages of DS types
according to matrix type, 1in the first session,
and to ase ;
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1.2.1.2 Fre-irainen sutyects witn Nin firsi seseion (i HERN,

NDN). (see figurestd end 15 ,Pp.58-59).

- Aduit subiects:

- Globelly, the pre-irsined subjects with N do not show any
modification in the differences which were observed in the meatrixes N, R
end D among raive subjects. It is noted that MTL ere similer for e ihree
matrixes and thet there is no difference between MTR in N and in D {naive
subjects'™MTR was higher in D than in N).

- However, when we compare the cue values in the second session,
with the cue velues obtained by nsive subjects, it is remerked that
stereotypy tends to be higher with N in the second session. Adults tend to do
less incorrect sequences in R after N. There is no difference between D after
N and D in first session. We can thus deduce from these resultls that, for
odults, o pre-iroining with N focilitates the performance in R, but does not
modify the subjects'copacity to be more veriable when contingencies
require it. This pre-training in N probably pleys the role of an habituation to
the tesk.

- 14-15 u.0. subiects :

- Differences betyreen matrixes N, R and D in the second session ore
s'imi)ar to those observed in the first session. The pre-training in N seems
to have the seme effects as those described among odults : it slightiy
increases the stereotypy in N and facilitates the performance in R. However,
it does not modify the subjects'veriability in D.

- Like the naive subjects of this age group, adolescents tend to be
generally more variable then the adults and not es good os the latter in the
metrix R.

~C-~10 10 subiects:

- The number and the variability of incorrect sequences are, 8lso,
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significantiy higher 1n R than 10 N and in D, NSD,, and U (CS) are significantly

greater in L then in N endin X

- Differences between ngive and ore-trained sSubisi.s w’e MOre
pronounced than among the older subjects.
when we compare the cue values in both situations, it is found thet the

seriormance end the stereotypy are superior with N and with R in the second

o

szsion. The & CS and the stereopypy are aiso higher with D in the second

ow

¢ssion. The pre-training in N hes thus e facilitetion effect on the
performence in R. Hewever, in contrest to the two groups descrited aebove,
the nedituation to the task interferes with thé capacity to adapt oneself to
the veriability constreint in D.

- These pre-training effects influence the way by which the 5-10 u.0.
gifferentiote themselves frem the other ege groups subjects. While in the
firsi session. the 5-10 y.0. performance was significantly inferior and they
were more variable with R as compared to the other subjects, they do not
perave differently from others with R in the second session. The reverse
phenomenon with the matirix D cen be noted.

- Oniy MTR stays significantly higher in R than in N and in D.

-S-6 uo subjects:

- The pre-irained subjects performance in N is significantly inferior
end they ere more verieble in R than in N, while there is no difference
oetween the resuits with N and with R emong naive subjects.

This observetion‘ cannot only be explained by the incresse of the
performence and of the stereotypy in N in the second session because, in R,
the pre-treined subjects performance is also inferior and they are more
verizble then the neive ones. So, contrery to ell the other ege g;’laups, the
pre-training session with N shows e disturbing effect on the 5-6 y.o.

beneviore in R. They become significently less eble performers then the

ther rithiAnd het - 1Y 3 A 4 3 S K
other sublects whiie being the best permormers and the most sterestiyped

)
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wite S e the firzt cpgsion

- Like Tor the 5-10 yo, tiwe pre-tretning with N reduces the 5-o yo.
verigbitity in D end they are sgain 1ess varigbie than the other subjects.

- Accoraing 1o their reactions efter N, when they ore submitted to
anotner experimental situstion (R or D) including the seme tosk, it could be
suggested that the 5-6 y.0; have difficulties to change their behaviors for
more sdepted ones, once they have elresdy developed some strategy to solve

the task.

3.1.2.1.3. Effects of different pre-trainings.

~ Effects of pre-trainings with N snd with D on behaviors in R in

second session (NEN, DRN).

Effecte of pre-ireinings _with N snd with R on behaviors in D in

cecond sescion.(NDN, RDN). (see figuresi6 end 17 »PP.61-62).

No metter which age group is analysed, no significant difference is
found between the cues velues of R or D, in second session, according to

subjects’ pre-training (respectively, with N or D and with N or R).

Hewever, if we constder the behaviors in R, the following tendencies are

noled:

- For eduits and edolescents, the pre-training with the matrix D
seems to have e stronger facilitation effect, than with N, on the
performance in R. !t also leads to & higher stereotypy in R. Such an effect
eppears more likely to be o relsted effect to the good performance in R (as
we have seen it in the other enalysis including R). It seems unlikely thet
such &n effect cen be ettributed Lo the matrix D itseif So, the pre-training
in D would help the subjects to find more easily a setisfying solution in R.

- For the 9-10 yo, the fecilitetion effect of the pre~{raining inD is

less marked than that of the pre-training in N. Like the naive subjects of
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une 2ge aroue, e 210 g, pre-wreined witn D, are sigmificontiy  iess
soie pertormers end {he most verieble in R, while there is no difference
between th G-10 y.0., pre-trained with N, and the other subjects.

It seems thet the request of veriability during the first session, does not
relp the 9-10 y.0. Lo find o good solution inR.

- For the 5-6 y.0.,, the disturbing effect of the pre-training in D is
less importent than thet obtained with the pre-training in N. Subjects with
D in the first session behave in & similar manner to the naive subjects in R
Tiis ic probebly due to the fect that when metrixes are more different from
ecch other (it's the case between D and R), the youngest subjects’behaviors

ere less influenced by their enterior behaviors.

If we consider the behaviors in D, the following tendencies are observed:

- Compered with pre-training in N, the pre-treining in R leeds to o
slightly lower veriebility in D, for adults eond adolescents (but the
differences betweeen neive and pre-treined subjects are very smail).

- For the 9-10 yo, the number end the veriability of incorrect
seguences in D ere higher after the pre-training with R than after N, but the

two tupes of pre-training effects ere not different with regard to the

veriebility of correct sequence (U(CS) and to the performance (NSD,) in D.

- We see the same phenomenon among the 5-6 y.o.
For these last two.&ge groups, the higher number of incorrect sequences
after R as compared to efter N, probably refiects their additions! triels end
errors to understand the new relations between their pushes and the

displacemenst of the bag.

- Effects of five differant pre-trainings on the behaviors in N _(NNN,

NRH. NDf§, RN, RDN). (see figuresiS and 19 ,pp.65-66).
- As regerds the 8 CS, the incorrect sequences veriebility end the

MTL, the Two-Wey ANOYA does not reves! any effect of pre-training. Only
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*he age effect is significant - for eil the experimentel groups, the 5-6 y.o.

are the siewest (&5 concerns both MTR end MTL) ond less able performers.

>

The One-wey ANOVA is significant for experimental groups NRN, NDN and
RDN}. Adults end adolescents are the fastest.

- The 14-15 y.0. have a higher incorrect sequence variability after
the pre-training with RD. Except this case, the first hundred trials mainly
influence the correct sequence veriability.

- Aduits, sdoiescents end 9~10 y.0.,, who have been submitted to the
meinx D during the pre-training, show more variable behaviors in N in the
last session. Al leest two hypotheses cen be suggested : firstly, some
subjects having understood that seversi correct sequences can be used, may
vary during the last session to interrupt the task monotony (but if it wes
the case, subjects would probebly have adopted; the same behaviors in the
third session of NNM); secondly, it is quite possibie that some subjects do
not remark the contingencies modification when the matrix N follows the
metnx D. The pre-training which leads to the most veriable behaviors in N
is KD, followed by RD, for edults end edolescents. For the 9-10 y.o,, it is.DR
foilowed by RD. The pre-trainings which lead to the most stereotyped
benaviors during the last session are NN and NR.

- For the 5-6 y.0, {he behaviors in N are not modified by @ perticular
type of pre-training. They ere the most sterectlyped in 81l the experimental

group. Except the last session of experiments) group DRN, in which the 9-10

! are the most variskls

w

2. gre the moet verizble, edulls anc cuutescent

"u

during the iast sessions. However, no significant differences between ege

groups for the experimental groups NNN end NRH are noted.
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122 Pearformance and variopility_occording to sex end 1o matrix

Ol

type or to evperimentel group®.

MTR eng MTL ere not teken into sccount, because results concerning these

two cues evolve in too diverse lines.

e) N, R andDin first session:

- These 1s no cignificant sex effect among the 5-6yo. and the
14-15y.¢.

- Among the 9-10 y.o, the sex effect is significant for the & CS
(F{1,80)=4544, p=03€6), for NIS (F(1,50)=4935, p=.029) end for U(IS)
(F(1,%0)=3.719, p=.057) : for the three matrix types, the number eng the
vcriabilité of incurrect sequences ere higher for boys than for girls. The
G-10 y.o. boys ere thus less able performers and more variable in ’their

- The same phenomenon can be observed emong the adulls, for NIS
(F(1,99)=422, p=.04) and for U(IS) (F(1,99)=5.94, p=.02). Moreover, KCS is
here lower for girls than for boys (F(1,99)=5.387, p=.02) inN and in R. (this
is perticularly marked in N). This last difference does not exists in D. Girls
show, thus, a tendency to be more stereotyped than boys, except when
reinforcement contingencies require variability.

- There is no significant difference eccording to sex with regerd to
DS distributions.

b) N, R and D in second session :

o sex effect is observed.

¢) Nin third session -

The sex effect is significant only among the 14-15 y.o, but combined

with eninterection efYect sex x experimentel group, for the following cues :

the 8 CS (cex effect : (FS( 1,87)=6,61, p=.011; interaction effect :

* Two-way ANOYA heve been used here .
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s f
B

“ 0

(€]

Ao ASTA - Y [
=TS LS, p~.0'—.-“,“ Nl:. (F

(1,97)=8.761, p=.004; F(457/=4752,

S.
Pz 202Y =2 RMEN) ( Fgtt,97)=9.181, p=.015; F{4,97)=4.243, 0=.003). It
appears that boys of experirnental group RDN are less abie performers and

more variabie in their errors than the girls as well as the other boys, in N in

the third session. Tnat does not ailow us to conclude anything.

1.2.3. Performance snd variability_of adults, according to study

vl

type and to matrix type or o exparimentai group.*

No relalion between study type (literary, neutral, scientific)*¥,

periormance and variadility can be established in any group studied.

3.1.2.4 Intra-sequence oroanization : Conditional Uncertainty of

esch resnones, sccording to age end to metrix type***.

Tne conditionsl uncertainty of one response X is an evaluation of the
possibility to predict x, according to the x-1 responses (pre-sequence s)

already produced inside & sequence :

2k
U(R/s) = - = < pi p{Ry/s)) log, p(Ri/sj), with
=1 1=l

pi= the probability of the response 1 (R;)
p (Ri/si)= the conditional probability of R;, according to the pre-sequence sj
k= the number of possible different pre-sequencas i-1

Fer the first response, we caiculate its uncertainty U(R1) because, in

* Two-Way ANCVA

*¥ 4 getailed list of study types cen be found in annex L.ie

*»% Gtalisticsl tests used : ANOVA (F) and Newman-Keuls procedure. These
tests were replaced by non-parsmetic tests : Kruskal-Wallis (XQ) and
Mann-whitney (U) when variances were not homogeneous anc when groups
51225 were dvo different.
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1S case, there '3 no ore-sequence.

The U{R 1) ond U{R/s) which ore presented, are meoans caiculoted on
the set of subjects’ recults in one session of one experimentsl group.
Fesponses of correct and incorrect sequences are {aken into account.

During the first session, for each matrix type (GN, R end D) end for
each age group, we see ¢ decrease of the responses conditional uncertainty
UfR/s), from the first to the sixth response (see Figure 20,;,70).

It seems possible Lo distribute the six responses into two “units®,
the first one, grouping the firsi three responses, can be considered os the
segquence element of veriation; the second unit, grouping the last three

responses cen be viewed as the sequence element of regulation (to complete

8t least, some incorrect sequences.

The curves form and the differences between ege groups vary
according to r;wairix type. Globsally, U (R/s) reflects the results which heve
aiready been described (so, only the main effects wiil be underlined).

For the metrix N and for all the age group, U(R1) is not maximum and
U(R/s) decreases repidly, to tend to zero with the lest response. U{R/s) is
alveys the highest emeng the 5-6 y.0. for the lest three responses {sequence
element of regulation), parallel to their highest level of incorrect

Segquences.

U(R1), U(Rz/s) and U{R3/s) are similer in N and in R for adults, but

these subjects keep more variable behaviors in R for the last three
responses (more inccirect responses.) W'e observe the 'reverse phenomenon
in D : U(R1) is near the maximum and U(R/s) decreases more slowly with

regards 1o the first three responses. Then it decresses more rapicly to reach

the same U(Rs/s) 8s in R and the ssme U(Re/s) es in N. The distinction

between the two seguence unite appeare thus very clesrly : subjecte
b -

specialiy very at the beginning of the saguence, but ere &bie to edjust their
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reanopses inLne second cequence umt, Lo oroduce correct sequences.
Acoiescents’ beheviors ere not fundemenisiiy different trom the
adults'ones (they are just & iittle more varisble in R).

The 9-10 y.0. are, on the contrary, 8s varigble inR as tn D up to R4‘

They keep then mgn levels of U(P/s) for the last twe fesporses, showing
their incepacity to adjust their behaviors in this contingency. Their U(R1)
end U(R/s) are alweys greater then those of the other subjects (this
confirms our previous anglyses).

After their first push, the 5-6 y.6. quickly become more stereotyped

then the other subjects in R end in D. This goes in the same sense as their

higher than in the other age groups.

We do not present the U (R/s) for the second end the third sessions,
because the results aleo egree with those slready described. During the
second session, cifferences between U {R/s), according to age and to
experimental group, are generally similer to those observed in the first
session oul, often, less marked. During the last session, it appears that

U (Ry/¢), U (Rz/s) and U (Rq/s) of experimental group NNN and NRN, ere the

lowest (thece two groups have also been considered before as the most

stereotypy inductives).

3.1.2.5. Performance, variability and Dominant Sequence changes in

NHN.

We have mede this qualitative enalysis to explore an hypothesis that
hes been suggecied by a superficial examination of individual data : subjects
who spontanecusly change of DS (one or two times) in the experimentsl
group NN, seem to be reslly more variable than those who keep the same DS
from the first {o the lect secsion.

't hee nct been made with the other experimental groups, because it
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wouid heve Ceen Jifficult to evaluete lhe respective influences cof the

sudiect gtiituces end of the malrix type, on DS chenges. We do not use

sratistical tesle here, because of the expioratory nature of this anelysis

end of limited number of subjects in some groups.

Age group  5-6 y.0. 5-10 y.0. 14-15 y.0. Adults
n 135 20 17 21
ni i0 16 10 14
4 66.7 80. 58.8 66.7
n2 5 4 7 7
%

33.2 20 41.2 333

n1 = number of subjects who keep the same DS.
n2 = number of subjects who changes their DS.

Tabie Z1: Frequencies and percentage of DS changes according to ege.

we heve proceeded in the following way : in each ege group, ye have
separated subjects vho keep the same DS from subjects who change, ot
least one time, of DS. We have then recaelculated the mean results, for each
performance {except MTR end MTL) ond veriability cue, of these two
sub-groups and we have compared it quaiitatively on graphs.

tn each age group, we see that it is a minorily of subjects who
change their DS during sessions. They ere a bit more numerous smong

adolescents end a bit less among the 9-10 y.o.

Sub-group meen results, in each oge group : (see fig. 22, 23, 24 end 25 ,
pp.74-75).

Results of adults, adolescents and 8-10 y.0. go in the same sense :
- there is no merked difference between subjects who chenge or not of DS,
with regards to the performance (8 CS) end with regerds to the incorrect

sequence veriebility (U (1S) and NIS).
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- on the conurary, we observe reletively importent differences between
the tvo ab-groups N Tegaras Yo dhe global variability ((S) ard % DS)
and to the correct sequence verisbility (U(CS) snd NCS). The greater
verigbility of subjects who change of DS persist oll along the three
sessions. The beheviors of sub-groups show even o shght tendency to
becorne more differentiated in the third session; subjects with the same
DS becorning o bil more stereotgped end subjects with seversi DS
becoming & bit more varisbie.

- for these three age groups, we mey thus suppose that, for o same level of
performance, some subjects, {6 minority) would be spontaneousiy more
voariatle then the other one end thet this characteristic would remain quite
constant. we pose here the problem of inter-individusl differences, in the
intre-indivicusl behavicrel venebility context. That was not, of course,
the sim of our study, but we think thet further resesrches would be

necessory to heip to nuance the meoans on which we work.

Tre 5-6 y.0. results evolve in o different way. In the first session, the
two sub-groups differ, as well for the performance (lower among subjects
changing ¢f DS) es for the variebility (higher in eny case for these
subjects). But the tehaviors of subjécts who change their DS tend to meat
thzze of “steble” subjects, in the second and in the third sessions. DS
changes seem to be linked, emong the 5-6 y.o., to problems of tesk
cornprehension and not &s it was the case for the older subjects, to o
stonteneous attitude to vary in o correct wey.

After a certain hebituostion time to the task, necessary for some of
them, the youngest subjects tend thus to behave all in the same manner.
Inter-individus: differences wouid only anpeer leter in the ontogenetic

oevelopment and would remein until edulthood.
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Fig. 22 : Mean values of performance and
variability cues among ADULTS in NNN, according to
DS change.

Fig. 23 : Mean values of performance and
variability cues among 14-~-15 Y.O. 1in NNN,

according to DS change.
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Fig. 25 : Mean values of performance and
variability cues among 5-6 Y.O. in NNN, according
to DS change.
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onclucyers of wizyuel Metrnix tack Recults,

we wiil Tirgt examine the influence of reinforcement contingencies, of
visuai feedbacks and of the experimemar history, on the adults’ end
adolescents’ behaviorel veriebility. Then, we will see in which weay the
younger subjacts’ reactions differ from these of the older ones.

Glopolly, odults’ ond ocdolescents’ beheviors show thet they ore
sensitive {0 environmental factors,

In the normal situstion (N), contingent reinfercement produces sorne
stereotupy {(subjects in N ere the most stereotyped, in the first session),
which stiil incresses all elong the three sessions. But it is imporient to
note thet the stereotypy never becomes complete (subjects always make
seversi different correct sequences).

The rendom displacement of visual cues disturbs the two age groups end
increeses the incorrect sequence variability (as compared to N, in the first
session). Subiects edjust less well their responses in the second part of
sequences.

The investigation of the DS distribution can help us to eveluste the role
of vicual cues gnd their infiuence on the sequence form. wWhen no coherent
iandmasrk is available, subjects prefer diagonal DS. This motive strategy
is, in fact, the cesiest way to solve the problem. When it is possible, in N
and in D, it seems thet subjects prefer to use the visuadl landmarks to
adjust their responses (to avoid to get out of the matrix). So, we can sey
thet visuei cues heip subjects to correctly crganize their behaviors.

The experimentel history influeces the reactions in R. The normel
situstion hes e fecilitation effect on the performance in R, showing thet
tne visual cue fncoherence tekes less importences, when subjects have
GIrea0U ungerstond tng task. 1S fachittation eifecl 1s St rore mareed
ofter D, in the firet session {not significant) : a greeter enterior correct

verigsitity wouid help subjects to find more early 8 sztisfying solution in
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X. wren reinforcement contingencies derrend it, acults and adolescents
oroduce more varierility (even a bit more then whet is required). To adept
themselves to this constreint, they very their first three responses
errangement eng edjust the last three ones, to complete & correct
cequence (gocd behaviorel reguletion).

¥We have not encountered merked effects of the experimentsl history on
the reections in D. But, e greeter veriebility et & moment of the
pre-training, tends o incresse the verighbility in the normel session
presented in the lsst session {pro-ective effects of D), as it helps
subjects to perform better inR. |

The @-10 y.0. ere the most disrupted by the lack of visue) londmerks and
tnis iesds to incresse their variebility ( as well for incorrect 8s for
correct seguences). If, esthe olher subjects, they choose more often
diegonat sequences as DS, they eiso have miore erroneous DS. Given their
greater verisbility and, thus, their lower %Ds—in R, we meay suppose thet
the subjects who discover the motive stretegy, do it leter than in the
other age groups (probably, efter more resesrches). To make sure of this
hypothesis, en e&nalysis by biock of tirials (teking into account the
evoiulion of beheaviors) would be necessary.

As for eduits end edoiescents, & preliminery hsbitustion to the normel
tesk helps themn to perform better in R, but the veriability request during
the first session does not.

it is more difficull to incite correct variabiiity emong the 9-10 y.0. end
they succeed in only in part. They make more errors and they increase, in
the same uime, their incorrect sequence variability. We must mention here
trai the resctions with the matrixes R and D ere less different then emong
the clder subjects

when varighiinty is required efter N, they have stiil more problems to
gdept their behevicrs Lo this constreint. 1t does not seem essy for them to

cnenge therwr censvicrs 1or more gyfferentisted ones,
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it vs for the 5-5 yo. thot the visusl cues neve the leest importence.
ney ere, indeeg, the best per formers ang tne rmost stereptypec with 8. The
exarmination of the US distributicn reveals thel 100% of these subjects
nave diggongl ©S in R. Even with the other matrix types, they choose more
often the motlive slirelegy, os © mesns to solve the task without the
necessity to understand what is going on. As it has already been remarked,
they show, in that sense, ¢ good behavioral edeptstion for their young age.
But, thic strategy is not very useful for the adaptation to the variability
constraint, since their behavior offers them few possibilities.

If their veriebility is o bit higher in D, this is probebly etiribuable, in
this case, to the intermittence of reinforcement
(resnondant effect of the number of reinforcement decrease). The seme
remark cen be done for some 9-10 y.o. subjects, ot lesst.

The hadituetion to the tesk in the normal situation interferes with the
subsequent pret'cnr'mante inRorinD.

in snort, perailel to the incresse of the performance and of the
verighility with sge, it seems thet the cepacity to adopt adepted behaviors
(rmore or less weriable, but efficient) to the present environmental
contingencies, alsc incraages o5 afunction of age.

This capacity sppeers low emong the youngest subjects. It begins to
appear emong the 9-10 yo. (they are sensitive to the variability
consiraint, but they do not really seem to understand how to vary their
tehaviors in an optimal way; they are sware of the incoherence of visuel
cues in R, but they are not able to do sbsiraction of it). On the other hend,
the cepecity to differentiole one's behaviors 1s well ceveleped among
edoiescents end sdulte. The clder subjects tend to better optimize their
beheviors, eccording to the present situatien ( rmore sterectyped in N end
in R, when veriebility is not necesssry for reinforcement; more verisble if

veriebitity must be preduced).
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3.2.i. Aduit subjects {n=100).

t. Description of results for eoch “coonitive” tesk.

- Non-perceptlive serie! clessificotion:

The mean number of sucessful items, on the 6 ones proposed, is 473
{€=1.27). 61 B of edults correctly complete S or & items -37 B complete
the tatality of items (see Table 2.,p-88)%

These results ere similer to those obtained by Botlson end Deliege
(1976).

- Fermuiations :

70% of eduits sdopt & systemelic precedure to execute the totality of
permutaticns (with 3,4 end S elements), ere eble to underdstond the
calculstion principe &nd to epply it to any number of elements (see Table
31p.88).

Subjecis sre classified into 4 categories :

1. Subjects who do not understaend the permutstion calculation principie
and who do not appiy & systematic procedure o execute permutations.

2. Suhjects who do not understand the permutation celculation principie
and wno sdopt & sustematic procedure to execute permutaticons, but not to
the totality of it.

3. Subjects who do not understand the permutation calculation principie,
but who adept & syslematlic procedure to execute the totality of
serrmutations.

4. Subjects wno know the permutetion ceiculetion principie end who

systemeticelly execuie the totelity of permutstions.

*Procedures used by subjects in serial classifications will not be analyzed, becavee of
rethessiogical siffzulties that have been met to code themin s relieble manrar (to obtain mere
nreciaions, we CCiid nit guestion subients apout their strafecies, because of possible pro-sctive

effecte ontheir performance). 69




- Eroup Em‘:’edﬁLed Figwrza.Test_('&Efi %

WAl reqerc 1o wng Neig decercence or ingepercence fcognitive stuie),

tne meen correct 1tem on tne 16 items proposed at the GEFT is 13.95

{ & =389). This meen is cpproximeotively the some as the meeon (14)
cbteined by the subjects semple, that was used to standerdize the French
version of the test.

One third of edults cen be consizered os very field dependent (see Teble
-—,pld—-“ hee siresdy been cbserved in the other studies concerning this
cogritive styie, women ere significsntly more field dependent then men :
435 % of women succeed in O to 12 items, s compare to 21.3 3 of men;
enly 221 & of women succeed in 17 or 1€ items, 6s compere to 393 & of
= £.0738, OF = 2, p =.0479).

The studutune is eiso significently correleted to cognitive style

(%2 =1234 7,0F =4,p=.0149): 46.7 % of "Scientific” su..:]ects succeed in

_tupe, in the

)
14
3
(4]

erk o there is no cifference according to gex or to studu
two cther cognitive tesks.

2. Reintione between "cognitive” task resuits.

Cerreietions were used only when tesks resuits could be considered as
nessurabie vcriob%es(;-:o, not for permutations).

Tnere is no significant relation between the number of serie}
ciessification suceeful items 2ne the nurrber of CEFT corract items.

3. reietions petween “ceoonitive” tesks recults end oerformance and

We compere the two tipes ¢f teske from results of subjects who heve
heen submitted to the metrix 8 in the first session {n=61).

One Wey ANCVA end Neuman-Keuls Frocedure were used for each

can be found in nnncx JP¥
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merformance sng veriedility cue, ecce Cing (o resuits obisined with escn

bod

cognitive 188X \SrouTE ngve cegen mele Trom categories descriped in the

presentstion of cogmtive tesks results). Correlstions were ¢ls0 uzed wnen
tesks results could be considerea 6s measurable.
Remark : we do not compere the resuits of subjects who have hed R or D in
the first session, because of the limited number of subjects in some
groups (for exemple : there are only 4 subjects, with D in the first session,
whe succesd in 3 or 4 serinl clessificstion items -second cetegory).

For adults, there is no significant relation between their cognitive task
resuits, on one nend, end their performence and their verigbility in N in

iIrst tne session, on the other hend.

Iy 4N

1. Dezcrintion of results for eech "cognitive” task.

- Clecaificetion tecks (Level 11)

For the sponteneous clessificetion, subjects sre separeted into two
categories. in the first one, we group subjects who spenteneously clessify
the objects into several juxleposed under-collections, who divide the
objecis into 2 coilections (one dichotomy) or who divide the objects into 2
coliections, which ere itselves divided into 2 under-collections. In the
second cetegory, we group subjects who sponteneousiy put together, by
tri.a'rs snd errors, the different u.der-collections, eccording to their
simiieriy {one multipiicstive clessificalion) or who directly execute e
correct  multiplicetive cleesificetion; for exampie, the objects
distribution cen be represented ac folloyr :

weliow circles | ueilow sguares




Trg ZTE X of zrooiescents sponidneousiv execute ¢ multiplicstive
ciassificetion . In ihe second pert of the temsk (imposed succesesive
dichotomies), they reelize, on aversge, 5.74 correct dichotomies (& =.56)
and, in the third pert {imposed successive multiplicative muitiplications),
6.66 correct muitiplicetive clessifications ( G =3.22). 80.6%8 of these
subjects execute the totality of the 6 possible dichotcmies ond 12.23
resiize between 11 and 15 multiplicetive classifications (see Teble S ,p.88).

if S6.1% of the subjects edopt ¢ systemstic pfocedure to execute their
rmultinticstive ciessificetions (they choose one dichotomy criterion thet
theu cross with the other ones end they do the same with ¢ second es with
& third.. dichotomy criterion,..), 255% of the subjects seem to produce
their different ciessification ot rendom.

- non-nercentive serial classification:

The mean number of successfull items, on the 6 proposed, is 437
(G = 1.46). 273 of edoiescents correctly complete the totality of items
(zee Table 6,9.@:' 37% of odults. However, subjects’ distributions do not
differ significently (see Tebles 1 and 5,p.88).

- perrnutations :

Adolescents sre not good performers os the edults : only 3278 of
subjects {compered to 70% of odults) know the permutetions celculetion
principle end ere <"’z ‘o execute systemeoticelly the totelity of
permutetions. aguils Gistnoulion \Teoie Z) and agoiescents disiribution
{Tepie 7) are significently different ( x2 = 30.4365, DF = 3, p = .000).

- GEFT

Tneir mean correct items ot the GEFT is 10.65 { S = 4.70). Adolescents

ere sigrificant’y more fieid dependent then eduits (see Tﬁb‘e B,p.89)
(¥2=2408,0F = 3, p = .000).

- There is no difference eccording to sex, in the four cognitive iesks.
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 Soiepvens motweoon "roonitive” tasrs resuits.

- -

The numcer of serigl classificetion correct items is positively
correieted with the number of correct dichetornies (@ = .3930, p < .001)

and with the number of GEFT correct items (@ =.3003,p .01).

3. Reletions between cognitive tesks recultls and performence end

yeriebility cues

Only the resuits of subjects who have been submitted to the metriz Nin

the first cession are tzken into sccount (n = 57).

’d

1ae st

00
e

tiztice! enslusis (seme es for adults) do not reveal eny
significent relstion between the edolcscents’ performance st esch
cognitive tesk, their performence ond their verisbility in N in the first

sgesIcn.

323 S-16u.0 subiects (nz91).

i

1. Gescription of resulis for esch "coanitive” task.

- Multinlicative seristion task -

Subjects are separsted into three categories (see Table 8). In the first
one, we group subjects who errenge the elements according to only one
dimension (length or color intensity) or who correctly compiete the
exarple. ¥e group, in the second cetegory, subjects who first arrange the
giemerts, cccording to cne dimension and who resrrange this first
szriation, eccording to the second dimension. In the third category, we
arcup subiects who errenege the element according to the two dimensions,

simultenecusly.

* - leval | clasesification tesk incluges B elements, which cen te
dichotornized eccording e 7 <riterie.
- tLecol ji glescificztion tesk inciudes 16 elements, wnich cen be

mAmAvm A~

-~ A € mevdaan
et C L petrie g,
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rest wopmity of sublects cen errenge the eiements gccorging io the

-\
-

ul

Lo Freomenstdrs . Dl :;rni!;z .‘-;'uCi;E':'J'&’fV!':'lg.

- Clessaoaton tesxs (Levels tand H) -

=or the stonteneous classificslions we use the same categories es
those described for the 14-15 yo. (see p.si) : 16.7% of the 9-10yo0.
subjecis.sponteneouslg exgcute @ multiplicetive classification in the
Level | tesk, compered to 16.5% in the Level i task (Z27.68 emong the
sdoiescents). Differences between the $-10 y.o. snd the 14-15y.0. for the
Level 11 task are not significent.

For the secand end the third part of the tesk, subjects are distributed
into twe cetegories, eccording to the number of correct dichotorites enc to
the number of correct multiplicative classifications they have realized
{mazime 3 end 3, for the Leve) i tesk; 6 and 15 foor the Level 11 task).

They reslize on eversge, 25 dichotomies (&S = .70) end 1.98
muitiplicetive classifications (& = 1.04), in the Level | task. 61.5% of
sutiects execute the totelity of the three possible dichotomies and 398,
the totsiity of the three possibie multiplicative classificetions {compared
tc 63% of the 8-9 u.o. subjects observed by Piaget and Inhelder (1967, p.
211

In the Level 11 task, they reclize an average of 5.26 dichotomies
{S = 1.00) end 3.65 multiplicative ciessifications (G = 2.66) compared to
3.74 end €6.86 emong the 14-15 y.0,, respectively). S63 of subjects execute
the totality of the 6 possible dichotomies end 2.28, between il ang i5
multipiicetive clessificstions (see Tebie iCemcompared to respectively,
B0.6% end 12.2% emong the 14-15 yo.). Differerces between the 9-10 y.o.
end gdolescents are nereg significant (X2 = 121447, DF = 1, p= .000F, for
the dichotamies number; ¥2 = 34287, OF = 2, p = 000, for the
multiplicetive clessifications number).

Girle realize e significentiy higher number of Level il multiplicetive
clessificetions than boys : €5.58 of the girie execute from O to S correct
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multiplicative chassifications and 26.9% erecute from & o 10, compered
% , respectively, for the boys { X% = 10.0026, OF = 2, p =

—

' 3 &7 4
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- Bercpnlive serinl clazsification:

<>

The mean of successfull items on the 3 ones proposed, is 2.04 {G= .24).
40.7% of subjects succeed in the tolality of items (see Tebleupss)in
Soteon end Deliege's results (1976), 303 of the @ y.0. subjects ond 60% of
tne 10 v.o subjects succeed in the 3 items.

- Inclusion tesk:

Excent one subiect, 811 the others understend the inclusion notion.

2. Reigtione betwoen “cegnitive” teck results.

The number of Level | correct dichotomies is positively correlsted with
tre number of correct muitiplicstive clessificalions, realized on the same
elements ((? = .3081, p< .01). Ferformence et this task is itself positively
correigted with the number of tevel W correct multiplicative

ciessifications (p = .5595, p< .001).

3. keleticns between “cognitive” tasks resuits end performance and

varighility cyes.

The resulls of 57 subjects with N in the first session are teken into
eccount. As for the two other sge groups, there is no significant relation
between the G-10 y.0. cognitive lasks resulls, their performance and their

varigbility in K in the first session.

324 Z-Huo subiente (n=67).

{. Descrintion of resulis for each “coonitive” 1ask”.




supjects who de ret cofrectly amange the elements fexomples : they
"drow"ahouse they cssemple the elements by twn or by three; thew form
tne 1op of steirs, but without teking into eccount the steirs besis). in the
second cotegory, we group subjects who realize & correct senation (with
or without the cirect insertion of the remesining element).

44.3% of subjects go in the iast category.

-~ Soontaneous clessificeticn {Level 1) :

'n & firet time, we have used the seme categorizetion principle os for
the 9-10yo0. Only S8 of the 5-6 y.o. subjects succeed to sponteneously

Yo

xecute ¢ multiplicative cisssificetion (16.78 for the S-10 yo.).

2 <]

Differences between ece group sre not significent.

In & second time, sccording to the behaviors, that heve been observed,
yre hove mede two other cotegeries, for the spontoneous‘clossificotion :

. 'we group subjects who do not spontanecusly realize any classification
{for exernple @ they put the totelity or e part of elements into & line; they
essemile some elements to make 6 picture);

2. ve group subjects who sponteneously execute severe)
under-coijections, one dichetemy or one multiplicative classification. In
this way it is seen thet 17.6% of the 5-6 y.0. subjects do not reslize o ree}
tlassification, whiie 82.2%8 of them succeed. Only 3.9%8 of the later
subjecis execute & muitiplicetive classificstion. .

They rmake en everage of 125 dichotomies (& = .77) end .29
m]tifslicaﬁve classifications (G = .558) {compared to 230 and 1.95,
respectively, for the 9-10 u.0).

Only 6% of them reglize the totelity of the 3 possible sichotomies end
138, for the totelity of the 3 pescible multiplicetive cisssifications

pered Lo 61.23 end 42.6%, respectively, for the 8-10 y.c.). Differences

-
(9
[
.;

between the two sge groups concerned ere found to be significant (2 =
50.5353, 0F = 1, p = .000, for the dichotomies number; X2 = 34021, DF = 1,

p = .00C for the multinlicative ciassifications number).
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uncesl subiects meke O or ! dichotomy, while 35.4%
make 2 or I ocicnetomies. 7473 do net resiize ony correct muitiplicetive
gleseificstion white 253% execute 1,2 or 3 correct multliplicative

ciessificetlions.

- Percentive serial classification:

The mean number of successfull items, on the 3 ones prop'osed, is 1.0
(G= 1.01}{ 204 for the 9-10 y.o.) Oniy 10.4% of subjects succeed in the
totaiity of items (compared 1o 40.7% of the 9-10 y.o0). the youngest

yh

s
J

ow

Subiects’ distripution according to the number of successiul items, has
been establicned with other cetegorizaelion criterio, as those of Lhe 9-10
u.0. {zee tedle 12 »P-89).

- frclusion tesk :

Oniy one subject undersiend the inclusion notion.

- There is no difference according to sex, in the 4 cegnitive tasks.

2. Relations bet'wveen “cognitive” task resuits.

The number of correct dichotomies is positively correlaled with the
nurmnber of multiplicative classificstions (p = 3013, p<g.01) and with the
nunber of correct items, ot the perceptive serial classification

(P: 5859, p< .001Y).

3. Relstione between “cognitive” task results and performance and

venahiiity cues.

The resuits of 43 subiects with N in the first session ere considered.

As for the three other age croups. there is no significant relstion
Tetween the S-8& yo cocnitive tasks resutis their performeance end their
verisniiity in Wan firet sessicn.
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! ! N=100 ¢ ! N=100 1
| R ekt 1 | s B it !
't 0-~-2 ! 6 1! 1 1 71
! ! 6.00 1 ! 7.00 1!
LR R ! | R el BT e !
1 3-4 ! 33 1 ! 2 71
! ! 33 ! 71
| I femre e ] R el B P !
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[ e 1
TABLE 2 TABLE 3
¥ 114-15 Y.O! 1 14-15 Y. 0!
4 ! N=95 1 H N=88 t
L L it -1 L el B !
! 0-5 ! 39 1 !t 0-2 11 ¢
1 ! 39.80 1 ] 11.20 1
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! ! 48 t 33.70 !
L et L et ! il it T !
!t 11-15 ¢ 12 ¢ t 5-6 54 1)
! ! 12.23 1 ! 55.10 1t
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TABLE 5 TABLE 6
Table 2 : Adults’ frequencies and percentages
according to the number of correct Jitems at the

non-perceptive gerial clasgification task.

Table 3
taask.
Table 4
GEFT.

Table S

Table 6

according to the nusber

:  Adults’

t Adults’

frequencies
according to the performance in

frequencies
according to the numsber

and percentages
the permutation

and percentages
of correct itesms at the

14-15 Y.0. frequencies and percentages
according to the nuaber

of correct multiplicative
classifications (level 1I}.

14-15 Y.0. {requencies and percentages

of correct

itens at the

non-perceptive serial classification task.

Jable 7

according to the perforsance

task.

14-15 Y.0. frequencies and percentages
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TABLE 9

- —————

TABLE 12

N=91

14-15 Y.0. frequencies and percentages

! N=98
- - | Y
t 0-12 | 58
1 ! 56.10
| UG becmmm e mm
! 13-16 ! 31
! ! 31.60
S SO
1 17-18 ! 9
! ! 9.20
TABLE 8
! '9-10 Y.O.
! ' N=91
| S
! 0-1 ! 28
! ! 30.80
| S | S
! 2 ! 26
! ! 28.60
[P
! 3 ! 37
H ! 40.70
TABLE 11
Table 8
according to the
GEFT.

Table 9 9-10 Y.O.

nuaber of correct items

at the

frequencies and percentages

according to the performance in the multiplicative
seriation task.

Table 10

9-10 Y.0. frequencies and percentages

according to the nuaber

Table 11

according to

9-10 Y.O.

of correct muitiplicative
classifications (level II).

frequencies and percentages

the number

of correct

perceptive perial classification task.

Table 12

according to the number of correct

5-6 Y.0.

items at the

frequencies and percentages

perceptive serial classification task.
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Tarctucinne af "meapitive” {aske resulls.

. &

The evolution of the iogico-mathiematicel thought, according t¢ oge, i
cttested (o by the “cognitive” tasks resulls. They seem Lo reflect well the
copacities of “absirectness” end of anticipation, es well es the mobility of
thought, specific o each age group.

C?assificauo.n tosks (successive dicholomies ond successive
multipiicative classifications) show that the mobility of thought and the
cepacities of onticipstion and of “ebstractness”™ (in other words, the
subjects’ capacity to consider all the possible clessification criteria, the
cepecity to successively modify their errengement eccording to these
critema, and the cepacity to take simulteneously into sccount two criteria
of o same element) incresse es a funclion of age (5-6 y.o; to 14-15 yo;).
Seriation tacks give the sarme resuits, for the 5-6 y.o0. and the S-10 y.0.

Thus, we encounter a parallel evolution of operative cepacities in two
of tne eiementery logicel structures (clessificetion and seriation), es
descrited by Fieget end Inhelder (1967).

The scquisition of these cepacilies merk the subjects’ accession to the
concrete operative stege, os does the comprehension of the inclusion
cuantificetion {the quasi tctality of our 9-10 y.0. subject understand it ).

The performgnces obtained with the perceplive serigl classification
tesk confirm these chrervelions (the 9-10 yo. cre shle to consider

simuitenecusly seversi clsssificetion criteria, while it is the csse only

Ciessificstion task of tevel H indiceles thet the mobility ¢f thought
stiii intresses among the 14-15 yo. Sut tne non-perceptive serial
ciessificetion tesk show thet it stays et & similer tevei emong ecults. The
specity to test hypotheses also reechs its quesi-maxirmum level smong
sdoiescents.

Rowever, agults ang edgiescents differ in the permutation task. Adults
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giler cerforrers in this formel tyce task, implying the capacity to

mexe ooergtiens ¢n eperotions ond the czpecity to consider in thought ell
tne possitie combinctions (combinatory operations). Adolescents would
not sufficiently master the Formal Logic to imegine the totslity of the
possible reieticns between the elements of a sysiem.

With regerds 1o the cognitive styies, the 14-15 y.o. ere more field
dependent than sdulls. In the two age-groups, females are more field
dependent than meles. The enalytic ettitude in & problem solving tesk
wouid he more develeped among aduitls end, particulariy, among males.

Mo eignificzng reletion between the subjects’ cognitive capacities, and
their performence and variaditity et the Visuai ietrix tesk (with the
malrix ® in the first session), hes been found, even if both, cognitive
cepscities angd behavivral variebility, evalve es @ funclion of a-ge.

Tne cepecity to very his behevior is surely limited by the subjects’
ceneral deve‘xlbprnentai‘?eve‘: end it can nol confuced wilh his cognitive
cenacities.

In conclusion, we want thus to underline that the variebility is en
innerent cherecteristic of behavior and that it must viewed as a full topic

for Fsycnolegy.
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APPENDIX A

"COGNITIVE" TASKS DESCRIPTION
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A Mursery scheol subjects.

1. Simoie seriotion end intercelotion. (bosed on Fieget).

Msteriel : 6 wooden sticks of gredusted lenght (5 cm=10 cm).
Procedure : 1° The 9 cm stick is taken eway. The task is {o seriste the
other five eccording to tenght
2°. If seristion is correct, the child is esked to intercelste
the missing stick in the correct position.
Actusi performence of the tesk (and the procedures empi_oged by the child)

are recorded.

2. free, dichotomic and multiplicative tlessificetlions (level 1 . 3

criteris of dichotomuy). (besed on Pisget).

Meterisl - - 8 elements thet can be sorted on the besis of size {(?7x7cm

end 7 em £, 2,5 % 3,5 cmend 3,5 cm 8), color (blue; yellaw), or shape {disk;

square).
- A sheel of peper which can be divided in 2 or 4 paris with

two removsabie partitions.

Fracedure : 1° free clessifications.

- All the eiements ere placed in disorderly manner on the table
in front of the child.
- The cniid is esked Lo group lhe eiements in any woy he/she

wiches {c

fnztruction: “You see, these pieces ere e}l mixed up, could you sel in order
---------- therr gutling together those thet ere olike 7°

- After ms/her first srrengement, the child is asked to carmy

cut ercther clacziiication
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i~gerucrion - “Lovig uou set in orcer the pieces 20sin, but in enother way,
---------- siways ouiting togreter those that ere slike 77

2° Dichotomies.

- The elemnents sre mixed up ond Lhe sheet of poper (divided in
2 perts) is placed right in front of the child.

~ The child is esked to distribute the elements in two sets.

fnctruction : "Could uou errange the pieces by making only two sets 77

- Fingily, he/she is asked to make yet 2 different dicholomies.

3 Muilinbicative classifications.

.

- The elements ere mixed together end the sheet of peper e
divideg1n a perts by two remcevable pertitions.

~ The chid is esked to distribute the elements in 4 sets.

Ingtruction:  “would you errange these pieces in 4 setls; if one takes this

---------- pertition (verticsl) off, these sels (experimenter
cesignetes sets) must fit together, end if one tekes this
other partition {horizontel) off, these other 2 sets must fit
too (designates).

~ As for the dichotomies, the chiid is asked to make two
edditional muitiplicetive clessifications.

- Tne child is esked to justify eech of his/ner performances.

- actuei performences of the tesk, the procedures empieyed by

the cniid end his/her justificatiors ere recorded

3 inclusren Duent-fication. (besed on Froget) |

”~, . ‘

er Sicnz (T em 2 blue ang 2 yellow. |
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- fngiasign quegtion: TYou g€, they are il coper dicks, there
sre sorme yetlow and some biue Jisks. Could you teli me 1f
tnere sre more paper gisks or more biue dicks™.

- The child is requested 1o justify his/her answer.

& Perceptive serial classification {(developed by Botson and Deliége,

1976).
Tie task is composed of 4 items (the firsy, is & training item)

Each series cen be dichclomized et each point eccording the follgwing

1

groperties : (pnotographies of the melerigl cen be found in the second

progress report, merch 1986, annex 2, pp 10-11).

Training item.

Soheric /  enguisr
smooth 7/ rough
thick / thin
colorless  /  colored

——————

Thick /7 thin
Rovgh 7/ Simooth
Resd ! Blue
Large / Small
Cestangular [/ Trisngller

Opsque  /  Transparent

tem 2

-

Gk 4 ThHn
Pierced / Whole
Square / Rourd
Red 7/ VYellow
Qaygh /7 Smooth
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Culered / Colorless
gngular  /  Kound
Yolurne [/ Flat
Whoie /  Fierced

Procedure :

- For each item, the subiject is presented with an array of objects varuing
alcng sevaral dimensions. His/her task 15 to set in order the objects in
such a way that 8! any point, the series can be dichotomically cut, with the
saiects on one side sharring & common property, but lacking an sdditiongl

oz shared by the objects on the other side.

Instruction ("Here are the objects you will order in 8 row, one afler the
---------- cther, but pauing sttention to the sequence in which you do it.
Vou chooee first, the one that is different from all the others
. Tor whetever reason.”
"Then, vou choose ancther one s6 that the first two go together
and are cifferent from &ll the ones left for whetever reason.”
“You chicose another one so that the first three go together and
are different from all the ones left for whatever reason”.

tic...
-After the construction of each series the child is asked to

dichotomy.

mz vhat makes the Tirst object different from ali the
5, tell ing whatl makes the first {wo objects different
he others; etc..”

—y
-
2
>
[= ]
——
—
o~

- If & series is incorrect, the experimenter corrects it ang the cniid s
esxed Lo fustify each dichotomy again. If he/she cannot do it, correct
fusuitications ere given bu the expsrimenter to the child.

nZ series Consiruciec oy the cihiid and 8ll justificstions




= = . sl it A .
IrZievnentacigcnort ohiidren s g t2cks,

1. Muitiniicetive ceriation. (besed on Piaget)

Materit! 0 7 x 7 slicks that cen be serioted on Lhe basis of size (7 grodusted
sizes - < om-i0 omy and color intensity (7 gradusted color intensities for 7

2ti2ks of & delermined Tength).

Erocecure: 1¢ The task is tu seriete 81l the 49 sticks eccording both to

§i2e and coior intensity.

Instruction . ™ You see tnese sticks, they are of different sizes and color

R <l

—————————— intensities. Couid you set them in order 7 Do 8s you please™

- If subject does not understend the instruction, he/she is
instructed to set all the wooden sticks in order both from the smellest to
the tongest, and from the hichtest to the darkest.

- If subject cen not cerry out his/her seristion the

erperimenter begin the serigtion and the subject is asked to compiete it.

2° I seristion i5 correct {with or without the example), the
child is asked to find & certein stick which has both a particular color
intensity ang 8 particuiar size.
Actusi perforrmances of the lask, and the procedures employed by the child

ere recorded.
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2 Free dichoiomic and multiplicetive clessificetions.

o) Level t: 3 criterie of dichoctomy.

- tsteriai, procedure and instructions or¢ exectly the seme os for Rursery

school subiects (described sbove).

b) Lewel 2 - € criteris of dichotomy.

- Meterial . i€ qeometricsi forms. The charecteridtics of the eiements ere

detezrmingted s & function of & critena of dichotomy : round/sguere;
pluesyeilow; iarge/smell; thin/thick; pierced/whole; striped/stripeless.
There sre elways 6 eiements for each component of the corresponding

dicnhotomy.

- Procedyre gnd instructions are simiiar to those which are used for the

level 1 ciessifications.

- But, with this second msteriei, the child cen carry out 6 diffeso
dichotomies and 13 o'n'fe:"gnt multipiicetive classifications. S0, ne/she 1s
scked to modify his/her dichotomy. (or multiplicative classification) es
meny times es he/she cen. The experimenter stops reguesling
modificstions when the chiid makes 3 sucessive mistokes or repests 3
times in & row & dichotomy {or multiplicative classification) he/she has
alresdy cerried out, or when his/her refiexion times is longer than 3
minutes.

- To avoid the problems of memory, child is given & photography of eech
clgssification he/she has aiready made.

Actusl performences, precegures employed by the child end his/her

justifications ere recorded
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Zoinnlueyon cusntification

Pistens), orafedurs and inglructions @ identical as those for nursery school

.

o

1

cnildren {(described ebove).

4 Ferceplive serigl classificetinns.

aterigl, procedure gnd instructions : identice} as those for nursery school

chiidren (descrited shove).

C. Zecondery scheoi subjects.

1. Free, dichotomic and multiplicetive classificstions - only

the level 2 clgzzifications.

Msterist _procedure end_instuctions : s descrited for elementery school

children.
2. Non-percentive seriel classificotions (developed by Botson

end Deiiege, 1976),

The task corsists of 8 items (first and second ere training items).

Photogrephies of the materiel cen be found in the Second Progress Report,

merch 195¢ Annex 2, pp 15-19)

Treining item 1.

smooth / rough
squere / round
bive / red

Treimng itemn 2.

- wn - -

( whole / piercec)
red / blue
Sousrz [/ round
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The correct ement whth Corplete (he series is round, Mue end
frercad The characteristic wich differentiates this element from the otner
amen st Rt (ol it \S,?ltfttﬂ {thwe 3 atherelements are whole).

veerge  / smatl)
Squere / round
Diue / red

The correct element is red, round and smasil (811 the other elerments of the
series tre ierge).

Flet /  Yolume
Rectanguier / Round
Dpeque / (irensparent

The correct eiement is trensparent, round end it tc 8 volurne {the other
elerients of the series ere flat).

Flet /  volume
Rectanquisr / Round
Blue / Red

The correct element is red, round and it is & volume (the other elements of
the serics ere flat).

Thin / Thick
Reclenguler  / Round
Opeaue / Transperent

t eiement is Lrensparent, round and thick (the other elements of
the series are thin)

Opogue / Trensperent

Yeilow /7  white
keund / anguler




Srnooth / Rough
Cpaque / Trenzperent
Round  / Anguler
rierced /  whole

h

glement wich must beinserted into Lthe series is round, whole, opaque
s

The
and smooth

Frecegure : 1€ First iraining item.

Sublect is presc.ted with on arrey of 4 objects that vary elong several
gimensicns. mis/her tesk is Lo sel in order the obiects in such & wey thet
el eny peint, the series cen be dicholomicelly cut, with objects on one side
enerming o commen praperty, but Tecking on edditionsl property shered by

rgida
- e

msrut oS | TTnese giements ore oli uniike esch other. You will set them

----------- in en order that | shall explein Lo you. You choose first, the
elemment thet is different from all the cthers on one of his
c‘v:'actsﬂ istics.., you cheoze the second one so that the first
two sivsre & cormmon properly which opposes them o all the
others... 5ou chicose the third one so thal the first three
shigre @ common property which opposes them to el the
others, elC._ You wiil verify that, et eny pmint, the
errangement is correct before you ssy that you heve finished
i

2° Secord Araining item,

- On e first occasion, the subject is presented with en array of three

objects end his/ner task is to sel in order these objects (8s in the first

The second tire, the subject 15 presented with 6 other objects and

nis/her tesk 1s 1o select the object thet completes the semes sdequate'y.

inztuctien - "Now vou wrill cheose omong these eiements tne which cen be

--------- pleced et tne end of the row, so thet the semes remains
correct 1t 1e necessery tnet no matter where we cut, we wiil
sl be ehie to find e cifference betweer #ii the elements gt
iefy, erd gl those et nicht”,
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- Subject's tack 1s Lo complete the series by inserting, ot & given point, the
eppropriate object {at the end of the series for items 1 to 4, end between 2

objects for items S and 6).

instructions : Simiier 1o these gnes cropeced ot {he second demonstration
----------- item.

- for exch item, arter the object hes been chosen, the subject is esked to
Justivy ali the dichotomies of the series.

- Lt
Vite

en the Cheeen ohiect 18 not eppropriate, the experimenter gives the
subject tne eppropriate one and expiging aii Lthe dicholomies.
- Fer esch item, the chosen object end justificetions ere recorded.

3. Permutetions (besed on Piaget).

iisteriel: 4 disks: 1 blue, 1red, 1 yeiiow ond 1 green.

Procedure : 1° Three disks ere pleced in Jine in front of the subject.

© o) The subject is osked to find the nursber of permutstions
whnich are possible with 3 disks end to tell how he/she has found this
number.
lastructions : - "How meny different permutations can you do with these

----------- 3 disks ?*
- " How did you find this number 7~

bi Afterwerds, the subject is asked to write the gifferent

permuieticns on paper.

Z° The subject must find and justify the number of
sprmutetions with 4 disks and ﬁng]?g, with S dicks.
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"Group Eavbeddeg Floures Test” : Field-denendent ond

field-indevendent coanitive stules.

- The french version ¢f the “Group Embedded Figures Test” (OLTMAN,
RASKIN and WITKiN, 197 1) shall be employed ("Test des Figures
encastréss”, putlished by : Les Editions du Centre de Psychologie Appliquée,
Faris, France, 1855).

- This test consists of complex figures in which the subject has to
receanize & simple figure. When the subject hes found it, he/she traces
treir outlines with precision end as fast ss possible.

Tnere are tnree parts : tre first part is composed of 7 items; it constitues
& training exercise. cach of the others two parts are composed of 9 items.
Tre time jimit i, respectively, for the 3 perte; of 2; 5 and 5 minutes.

)

D. Adult subjects.

1. Non-perceptive serisl clessifications.

2. Permuiztions.

3. "Group Embedded Fiqures Test".

For each task, same materisl, procedure and instructions are used as

for seconcgary school subjects.
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APPENDIX B

LIST OF TABLES

TABLE 1 : Detailed list of study types.

TABLE 2 : 2CS: means and standard
experimental group and to age.

TABLE 3 : %DS: means and standard
experimental group and to age.

TABLE 4 : NCS: means and standard
experimental group and to age.

TABLE 5 : NIS: means and standard
experimental group and to age.

TABLE 6 : NSD2: means and standard
experimental group and to age.

TABLE 7 : U(S): means and standard
experimental group and to age.

TABLE 8 : U(CS): means and standard
experimental grovp and to age.

TABLE 9 : U(IS): means and standard
experimental group and to age.

TABLE 10 : MTR: means and standard
experimental group and to age.

TABLE 11 : MTL: means and standard
experimental group and to age.

deviations

deviations

deviations

deviations

deviations

deviations

deviations

deviations

deviations

deviations

according

according

according

according

according

according

according

according

according

according

to

to

to

to

to

to

to

to

to

to

TABLE 12 : %CS: - means according to age and to presentation

order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).
TABLE 13 : %DS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).
TABLE 14 : NCS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).
TABLE 15 : NIS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the

first session (F=females; M=males).

TABLE 16 : NSD2: - wmeans
presentation order of matrix type.

means according to age and to sex,

first session (F=femalss; M=males).

95

according to age and to

in the




TABLE 17 : U(S): - means according to age and to

presentation order of matrix type.
_ means according to age and to sex, in the

first session (F=females; M=males).

TABLE 18 : U(CS): - means according to age and to
presentation order of matrix type.

_ means according to age and to sex, in the
first session (F=females; M=males).

TABLE 19 : U(IS): -~ means according to age and to

presentation order of matrix type.
_ mcans ~ccordiag to age and to sex, .o the
first session (F=females; M=nales).

TABLE 20 : MTR): - means according to age and to
presentation order of matrix type.
_ means according to age and to sex, in the

first session (F=females; M=males).

TABLE 21 : MTIL: - means according to age and to presentation

order of matrix type.
_ means according to age and to sex, in the

first session (F=females; M=males).

TABLE 22 : Means of U(R1) and U(R/s) according to age and to
matrix type, in the first session.

TABLE 23 : 7CS, %DS, NCS, NIS, NSD2: ANOVA (age x matrix) in
the first and in the second sessions (after N).

TABLE 24 : U(S), U(CsS), U(IS), MTR, MTL: ANOVA (age x
matrix) in the first and in the second sessions (after N).

TABLE 25 : %CS, ADS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test among the 5-6 Y.0., in the first session.
- Kruskal-wallis

{matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O.,
ADULTS, in the first session.
(*) indicates a significant difference with P«.0S.

TABLE 26 : U(S), U(Cs), U(IS), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test among the 5-6 Y.0., in the first

session.
- Kruskal-Wallis

(matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O.,
ADULTS, in the first session.
(*) indicates a significant difference with Pc¢.05.

TABLE 27 : ZCS, 2%ZDS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test for each age group, in the first session.
(*) indicates a significant difference with P<¢.05.

TABLE 28 : U(S), U(CS), U(IS), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test for each age group, in the first

session.
(*) indicates a significant difference with P¢.05.

TABLE 29 : %CS, =%DS, NCS, NIS, NSD2: - ANOVA (age x
pre-training)in the third session.
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TABLE 30 : U{(S), U(cs), U(1S), MTR, MTL: - ANOVA (age x
pre-training) in the third session.

TABLE 31 : %CS, %ADS, NCS, NIS, NSD2: - ANOVA (pre-training)
and Newman-Keuls test for each age group, in the third

session.
(*) indicates a significant difference with P«¢.05.

TABLE 32 : u(sy, 3{CS), U(IS), MTR, MTL: - ANOVA
{pre-training) and Newman-Keuls test for each age group, in
the third session.

(*) indicates a significant difference with P¢.05.

TABLE 33 : %CS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 34 : %DS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each:- session, and for each matrix
type, in the first session. ’

TABLE 35 : NCS : ANOVA (age) and Newman-KReuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

.. TABLE 36 : NIS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 37 : NSD2 : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 38 : U(S) : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 39 : U(CS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.

TABLE 40 : U(IS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.

TABLE 41 : MTR : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.

TABLE 42 : MTL : ANOVA (age) and Newman-Keuls test for each

experimental group, in each session, and for each matrix
type, in the first session.
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APPENDIX C
TABLES

- i = e e o e i m  m— - e - e . o = - e - - v - - ar — = - = - - -

BIOLOGY

COMPUTER SCIENCE
ECONOMICS
ENGINEER
GEOGRAPHY
MEDECINE
PHARMACOLOGY
VETERINARY SURGEON
PHYSIOTHERAPY

SCIENTIFIC

D S B S em B sem sem G e P
- Y VD D L LBt b e b S

e o e o — — —— —— —— — ——— = ————

.

BUSINESS ADMINISTRATION
PSYCHOLOGY
UNSPECIFIED

- eem S s e bem

-ty 1w s sam

"
LY

JOURNALISM
LANGUAGES
LAW
LITERARY
PHILOSOPHY
HISTORY

e v sy tm g e sy s
- e s tem s Y® sum s

TABLE 1 : DETAILED LIST OF STUDY TYPES
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.0.! 74.53 81.73 87.20 ! 75.22 £58.66 75.55
9-10 Y.0O.! 87.20 94.26 92.90 ! 93.88 67.55 93.77
O.! 93.00 ©5.29 96.23 ! 93.70 80.11 97.40
ES! 1

84.20 93.33 91.52 91.60 80.50 97.50

14-15 Y.0.! 94.90 96.75 99.05 92.50 86.28 97.42
ADULTES! ©91.70 96.84 96.10

!

t

!

!

!

!

N D N D N !
81.50 86.87 89.62 76.92 73.59 gs8.15 !
'

!

91.80 82.20 94.10 !

!

'

'

'

'

!

]
|
!
[]
1
!
]
i !
. ! 9-10 Y.0.! 88 91.15 95.75 89 61.41 92.62
t
!
4
!
]
1
!
[ ]

R D N
5-6 Y.0.! 78.30 71.17 78.82 !
9-10 Y.0.! 51.50 82.82 94.58 !
14-15 Y.0.! 65.60 87.52 92.87 !
ADULTES! 75.70 93.26 97.17 ! !
| e e e e e m e m e —m e m e ———— 1
' STANDARD DEVIATIONS - . % CORRECT SEQUENCES (%CS) !
B e e e e e v - - = . . e o = e - —— . . e o~ = . - —— = = . - - ————— ]
N N "N N R N

5-6 Y.0.! 26.12 24.34 .10.97 !t 22.10 29.16 29.26
9-10 Y.O.! 17.91 198.27 '17.13 ' S5.70 19.44 13.73
14-15 Y.0.! 6.40 5.47 4.40 Y 9.30 19.76 2.68
ADULTES! 4.70 8.61 21.19 ! 11.00 20.04 3.66
]

N D N D R N
5-6 Y.0.! 19.10 9.90 14.08 ! 19.90 20.04 10.08
9-10 Y.0O.! 9.10 5.89 3.76 !
4.20 2.76 1.68 ! 6.60 19.38 3.64
ADULTES! 8.90 3.69 $.21 ! 13.70 10.23 20.79
]
R D N

5-6 Y.0.! 20.60 24.76 18.64 !
9-10 Y.O.! 18.10 13.49 4.62 !
14-15 Y.0.! 15.50 14.16 11.03 !
ADULTES! 17.70 4.72 3.60 !

e e e e e = = - e A e . e e S A e e M e S e e - e = -

! !
! !
' '
1 1
§ 1
' )
H !
! !
! 7.40 18.62 7.71 !
! 14-15 Y.O.! !
1 ]
1 )
! 1
! '
! 1
1 1
! ]

Table 2 : % correct sequences : means and standard
deviations, according to experimental group and to
age.
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! N N N N R N
! 5-6 Y.0.! 57.06 67.46 67.86 | 54.77 44.11 55.88 !
! 9-10 Y.O.! 57.70 64.80 66.80 ! S9.88 45.44 73.77 !
! 14-15 Y.0.1 52.70 54.58 54.70 | 55.80 59.20 74.80 |
! ADULTES! 61.23 62.47 63.71 ! 57.30 51.60 61.10 !
! !
! N D N D R N !
! 5-6 Y.0.! 70.12 49.50 70.50 ! 36.92 50.46 68.92 !
! 9-10 Y.0.! 61.15 33.36 S55.57 ! 23.88 36.94 38.94 !
!  14-15 Y.O0.! 52 20.52 39.47 ! 20.57 62.66 53.04 !
! ADULTES! 54 21.80 43.20 ! 20.70 61.80 49.10 |
! !
] R D N !
! 5-6 Y.0.! 49.52 40.94 61.52 ! !
! 9-10 Y.0.! 27.41 31.17 48.82 ! '
! 14-15 Y.0.! 46 24.47 45.52 1 !
! ADULTES! S57.78 28.52 44.73 1 !
T T T L e t
! STANDARD DEVIATIONS - % DOMINANT SEQUENCES (%DS) !

N N N N R N
5-6 Y.0.! 22.70 21.13 25.47 ! 23.00 23.26 23.21
9-10 Y.0.! 24.20 27.13 27.83 ! 23.00 24.29 26.11
14-15 Y.0.! 27.90 25.93 26.84 ! 20.70 24.98 21.89
'
'

=
- e

ADULTES! 26.10 27.47 28.49 24.00 24.00 33.10

'

]

'

'

'

' .

! - N D N D R N
! 5-6 Y.0.! 24.40 16.00 28.83 ! 18.50 20.88 16.07
! 9-10 Y.0.! 22.30 12.77 27.87 ! 11.40 21.17 23.14
v 14-15 Y.0.!' 25.50 6.38 29.86 ! 7.20 21.85 30.54
! ADULTES! 26.40 11.19 33.29 ! 5.90 18.72 29.11
! !
1

'

'

{

!

5-6 Y.0.! 18.70 18.33 24.30 !
9-10 Y.0.! 13.30 17.90 25.94 !
14-15 Y. 0.1 21.80 9.14 28.50 !
ADULTES! 20.30 10.82 26.71 !

e v A 4 e o e e = m e T e e = G 8 T Em e = e e e - - T M - wh Ae R - e Y o . - - ——

Ca tus tum AEh S SUB up Sum VB VAR VB D Sup tem tun sum bem

Table 3 : % dominant sequences : means and
standard deviations, according to experimental
group and to age.
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o an S - e ST e W A Se = EA . R e e e W WR e e - " e A P e v e e - n e - ew e m e o = -

'MEANS - NB. CORRECT DIFFERENT SEQUENCES (NCS)!
o e e e e e e c e e r e e e e e e e e T ar = = e = - - —— 1
! N N N N R N
! 5-6 Y.0.! S5.40 3.93 3.86 ! 5.11 5.72 4.50 !
{ 9-10 Y.0.! 6.70 4.20 4.60 | S.77 6.94 4.83
!  14-15 Y.0.! 6.40 S5.76 5.94 | 6.20 S5.35 3.25
| ADULTES! 6.70 6.00 5.09 ! 6.05 6.80 6.45 |
! t
t N D N D R N
! 5-6 Y.0.! 3.43 S5.25 4.06 | 6.61 S.76 4.46 !
! 9-10 Y.0.! 5.26 8.57 6.89 ! 11.41 7.70 9.70 !
!  14-15 Y.O.! 8.10 13.63 9.73 ! 13.33 4.47 7.66 !
! ADULTES!  7.20 13.55 10.15 ! 13.05 4.60 8 !
1 _ !
! R D N !
] 5-6 Y.0.! S.41 5.82 4.52 ! !
' 9-10 Y.O.! 8.23 9.58 7.76 ! f
! 14-15 Y.0.! 6.47 10.647 7.70 ! !
' ADULTES! 5.15 8.89 7.05 ! !

-
-

e e e s = An T - e - L e e . T e A Y e S e - e Sm e e e Sk AR e - e e S e . e e e o

! N N N N R N !
! 5-6 Y.0.! 2.10 2.57 2.77 ' 3.10 3.44 2.43 1
! 9-10 Y.0.! 3.90 3.20 3.73 ' 3.30 2.87 3.97 ¢
! 14-15 Y.0. 1! 3.90 3.45 3.05 t 4.40 2.58 2.22 ¢
! ADULTES! 4.40 4.40 4.01 t 3.80 3.95 5.48 !
1 ' '
! N b N D R N !
! 5-6 Y.0.! 2.30 2.72 3.29 t 32.30 3.03 2.56 !
f 9-10 Y.0.! 2.50 3.18 4.79 ' 4.40 2.99 4.42 !
! 14-15 Y.0.! 5.00 2.58 4.95 ' 3.70 1.66 5.7 !
! ADULTES! /.10 4.46 6.22 1 3.90 2.47 6.38 !
t 1 '
! R D N !
! 5-6 Y.0.1 1.60 2.87 2.45 !
! 9-10 Y.O.! 2.50 4.31 5.43 !
! 14-15 Y.0.! 2.70 4.06 4.98 !} !
! ADULTES! 2.50 + 4.17 4.37 1 !

e - an e - e e o e A e e A - wm S A e v B A ES e W S - N A P e W S e W e e e S - e e A e en - e = A

Table 4 : Nb. correct different sequences : means
and standard deviations, according to experimental
group and to age.
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{MEANS - NB. INCORRECT DIFFERENT SEQUENCES (NIS)!

.
1]
|
i
]
)
)
[}
]
[
]
t
L
|
i
|
]
1
]
i
¥
i
]
1
1
|
1
|
{
!
(
|
1
{
]
t
|
)
]
1
|
l
|
)
)
|
]
]
t
i
|
1
|
|
H
)
]
]
)
'
[}

! N N N N R N '
1 5-6 Y.0.! $.73 4.33 3.26 t S.11 9.33 $.22 1!
{ 9-10 Y.O.t 3.30 2.05 2.10 ¢t 2.22 9.16 2.16 !
! 14-15 Y.0.! 2.64 1.82 1.47 ! 1.90 6.40 .95 '
! ADULTES! 2.23 2.00 1.61 ! 2.40 5.70 1.05 t
{ !
! N D N D R N !
t 5-6 Y.0.! 3.25 3.62 3.06 ! §S5.15 6.53 3.30 !
{ 9-10 Y.O.1! 2.87 2.84 1.62 ! 3.92 9.17 2.41 ]
! 14-15 Y.0.! 1.94 1.63 .47 1 2.61 3.71 1 1
' ADULTES! 2.40 1.40 1.36 ! 2.90 6.40 1.30 ¢
! !
! R D N '
t 5-6 Y.0.! 5.70 6.29 4.41 ) !
! 9-10 Y.0.! 11.41 5.11 2.17 ! '
! 14-15 Y.0.! 9.47 3.66 2.14 ) !
' ADULTES! 7.36 2.84 1.26 ¢ !

'

-

=
-

- e e e e o e - e = - o o mt — ~ > e v e e e am e = = = = —

! N N N N R N !
1 5-6 Y.0.! 4.00 3.37 2.68 ! 3.90 5.66 4.68 !
| 9-10 Y.0.! 2.60 3.17 3.3 ! 1.80 4.47 3.66 !
! 14-15 Y.0.! 2.30 2.15% 1.41 Y 2.10 4.86 .94 1
! ADULTES! 1.80 1,73 1.62 ! 1.70 4.37 1.50
t [ 1 t
! . N D N ) R N !
! 5-6 Y.0.! 2.20 2.50 3.97 ' 2.70 3.99 2.49 !
! 9-10 Y.0.! 1.60 1.83 1.33 ! 2.40 4,06 2.32
! 14-15 Y.0.! 1.70 1.38 .84 1 2.10 3.50 1.37 1
1 ADULTES! 2.10 1.63 1.26 1 3.50 3.01 2.09
1 ] ]
! R D N !
! 5-6 Y.0.! 4.00 4.52 3.04 '
1 9-10 Y.O.! 3.80 3.62 '1.70 ! !
! 14-15 Y.0.! 3.30 3,36 2.45 1 !
! ADULTES! 2.90 1.86 1.59 !

Table 5 : Nb. incorrect different sequences :
means and standard deviations, according to
experimental group and to age.
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'MEANS - NB. SEQ. DIFF. 2 PREV. (NSDy)!
e it e e !

! N N N N R N 1
1 S-6 Y.0.! 12.40 9.13 10.20 ! 12.94 12.%5 10.77 !
1 9-10 Y.O.! 16.20 11.93 11.30 ! 16.27 14.16 10.22 !
1 14-1S Y.0.¢ 18.30 19.70 20.41 ! 16 11.45 9.55
! ADULTES! 15.30 14.09 13.23 ! 13.50 14 17.60 !
] 1
! N D N D R N {
1 5-6 Y.0.! 7.81 16 10.06 ! 17.23 15 12 !
1 9-10 Y.0.! 13.57 24.94 19.84 ! 31 17.11 27 !
| 14-15 Y.0.! 20.52 38.42 32.15 ! 35.8%5 11.33 21.09 !
1 ADULTES! 15.55 37.95 27.20 ! 35.85 9.95 22.90
[} ]
! R D N t
t 5-6 Y.0.! 14.64 15.64 11.05 1 !
! 9-10 Y.0.! 15.58 25 20.17 ! !
! 14-15 Y.0.! 11.11 29.66 25.70 ! !
! ADULTES! 9.36 31.15 26.89 ! !
1 e e e e e e e o e e e e = o ———————— !
{STANDARD DEVIATIONS - NB. SEQ. DIFF. 2 PREV. (NsDy)!
B e e e e e e e m e e ot = -~ - - > = - — = " = o ——— - - o~ o ——— o - 1
| N N N N R N 1
! 5-6 Y.O.! 8.00 S.42 7.62 ' 7.30 6.03 4.96 !
! 9-10 Y.O.! 10.73 10.51 11.12 ! 10.80 6.11 9.09 !
! 14-15 Y.0.! 12.20 12.28 12.07 ! 11.30 6.41 8.00 !
! ADULTES! 11.60 10.59 11.90 ! 8.60 10.1% 15.%6 !
1 ] [}
! N D N D R N '
1 5-6 Y.0.! 6.90 7.06 8.91 ' 7.60 5.78 5.65 1
! 9-10 Y.O.! 7.70 7.21 14.39 { 9.90 5.61 12.96 !
! 14-15 Y.0.! 12.00 5.84 15.51 ' 7.20 9.05 15.15 !
' ADULTES! 9.80 7.22 17.02 ! 6.50 7.30 16.03 !
1 ! !
{ R D N '
' 5-6 Y.0.! 4.20 5.68 6.09 ! '
1 9-10 Y.O0.! 5.90 9.61 14.48 ! !
| 14-15 Y.0.! 6.10 9.08 16.69 ! !
\ ADULTES! S.00 10.17 16.41 ! !

. e o e s s e T e e T T G e e e - . e e S am T e e = e TR em e SR e e e e e e = = - -

Table 6 : Nb. sequences different 2 previous ones

: means and standard deviations, according to
experimental group and to age.
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! N N N N R N 1
! 5-6 Y.0.! 2.14 1.57 1.45 1 2.14 2.72 1.97 !
' 9-10 Y.0.! 2.01 1.44 1.40 ! 1.75 2.87 1.25 !
! 14-15 Y.0. 2.01 1.81 1.78 1 1.83 2.10 .96 !
! ADULTES! 1.79 1.67 1.53 1 1.83 2.34 1.66 !
1 !
! N D N D R N !
! 5-6 Y.0.! 1.35 2.10 1.36 1 2.69 2.44 1.54 |
! 9-10 Y.O.! 1.82 2.74 1.90 t 3.34 3.23 2.68 !
! 14-15 Y.0.! 2.10 3.45 2.53 1 3.52 1.66 1.94 !
! ADULTES! 2.03 3.38 2.48 1 3.48 1.96 2.12 1!
! !
! R D N !
1 5-6 Y.0.! 2.25 2.54 1.79 1 !
! 9-10 Y.O.! 3.59 3.08 2.16 ! !
! 14-15 Y.0.! 2.81 3.21 2.32 !
! ADULTES! 2.21 2.89 2.12 ! !
) e e e o e e e e e e e e e — e ——————— —— —— t
{ STANDARD DEVIATIONS - SEGUENCES UNCERTAINTY ( U(S) ) !
b e e o e e e e e e e e e e e e . e = e = -~ = o —— o ——— = -~ ——— ]
! N N . N N R N !
! 5-6 Y.0.! 1.10 .97 1.11 1. 1.07 1.27 1.14
! 9-10 Y.O.! 1.12 1.09 1.22 'y .94 1.12 1.24 !
! 14-15 Y.0.! 1.22 1.08 .96 ! 1.00 1.17 .76 !
! ADULTES! 1.16 1.16 1.13 ' 1.04 1.11 1.36 !
] ! ]
! . N D N D R N !
! 5-6 Y.0.! .96 .75 1.28 ! .90 1.03 .77 !
1 9-10 Y.O.! .96 .67 1.17 v .77 .98 1.03
1 14-15 Y.O. ! 1.12 .30 1.28 ' .53 .88 1.39
! ADULTES! 1.17 .79 1.49 ! .53 .84 1.3%
! ! !
! R D N !
{ 5-6 Y.O.! .94 .98 1.05 1 !
! 9-10 Y.O.! .66 .94 1.22 ! !
1 14-15 Y.0.! .98 .57 . 1.88 ! !
1 ADULTES! .98 .70 1.06 ! !
Table 7 : Sequences uncertainty : means and

standard deviations, according to experimental
group and to age.

104




f N N N N R N !
! 5-6 Y.0.1 1.31 .95 .92 ! 1.36 1.68 1.30 !
! 9-10 Y.O. ! 1.63 1.17 1.18 ' 1.46 1.73 1.02 !}
! 14-15 Y.0.! 1.7 1.61 1.60 ! 1.60 1.31 .82 !
! ADULTES! 1.582 1.42 1.23 ! 1.5 1.62 1.54
! !
! . N D N D R N !
! 5-6 Y.0.! 75 1.55 .92 ! 1.97 1.58 1 !
! 9-10 Y.0.! 1.37 2.41 1.71 ! 2.94 2.16 2.40 !
! 14-15 Y.0.! 1.88 3.33 2.49 Y 3.29 1.12 1.84 !
! ADULTES! 1.74 3.29 2.35 ' 3.24 1.05 1.3
! !
! R D N !
! 5-6 Y.0.! 1.46 1.69 1.05 1 !
! 9-10 Y.O0.! 2.27 2.52 1.94 ! !
! 14-15 Y.0.! 1.57 2.76 2.01 ! !
! ADULTES! 1.20 2.59 1.99 ! !

! N N N N R N !
! 5-6 Y.0.! .97 .66 .83 ' .83 1.07 .79 !
' 9-10 Y.0.! 1.06 .99 1.12 ! .93 .91 1.01 ¢
! 14-15 Y.0.! 1.10 1.00 .93 ! .98 .86 .75 !
! ADULTES! 1.09 1.07 1.14 t .93 1.01 1.34 !
' 1 '
! N D N D R N ]
! 5-6 Y.0.! .78 .70 1.01 ! .97 .88 .59 !
! 9-10 Y.O0.! .86 .67 1.15 ! .80 .82 1.04 )
! 14-15 Y.0.! 1.10 .32 1.26 1 .56 .67 1.32 ¢
! ADULTES! 1.05 .76 1.45 ! .51 .72 1.39 1
! ! '
1 R D N !
! 5-6 Y.0.! 47 .69 .71 ! !
! 9-10 Y.0.! 77 .93 1.16 ! !
! 14-15 Y.O.! 90 .77 1.26 1 !
! ADULTES! .73 .74 1.05 ¢ !

Table 8 : Correct sequences uncertainty : means
and standard deviations, according to experimental
group and to age.
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1 N N N N R N !
! 5-6 Y.0.! 1.94 1.59 1.24 V' 1.67 2,48 1.59 |
! 9-10 Y.0.! 1.16 .64 .58 ! .86 2.7% .63 !
H 14-15 Y.0.! 1.05 .73 .46 5 § 2.12 .25 !
! ADULTES! .88 .78 .53 1 .96 1.88 36 1
{ !
! N D N D R N !
! 5-6 Y.0.! 1.09 1.48 .98 ! 1.93 2.23 1.33 !
1 9-10 Y.O.! 1.13 1.16 .63 ! 1.78 2.72 89 !
! 14-15 Y.O0.! .76 .72 .13 ! 1.04 1.26 33 f
! ADULTES! .94 .50 47 t .98 2.36 12 !
1 '
H R D N !
1 5-6 Y.0.! 1.93 2.07 1.60 ! 1
1 9-10 Y.O0.! 3.11 1.93 .98 1 {
! 14-15 Y. O.! 2.81 1.33 .77 1 !
! ADULTES! 2.47 1.29 .49 1 !

|
]
|
|
}
i
]
]
|
]
[}
|
'
1
}
|
t
i
[}
[
1
i
|
]
|
t
i
'
[}
]
[}
'
i
t
[}
1
'
|
lJ
[}
t
)
i
'
1
)
[}
|
[}
I
!
]
]
}
t
¢
|
i
[}
]

! N , N N N R N !
! 5-6 Y.0.! 1.07 .94 1.06 ' 1.15 1.29 1.23 !
! 9-10 Y.O0.! 1.03 .95 .96 ! .95 .79 1.04 !
! 14-15 Y.O.! 1.03 .92 .72 ! .84 1.14 .53 !
! ADULTES! .96 .77 .71 ! .84 1.18 .76 !
' 1 '
! . N D N D R N !
{ S-6 Y.0O.! .90 .92 1.17 1 .89 .72 .99 1
! 9-10 Y.0.! .74 .94 .75 ! 1.00 .75 .97 !
! 14-15 Y.0.! .86 .73 .61 { .96 1.258 .67 !
! ADULTES! .94 .84 .69 ! 1.11 .83 .40 H
! 1 1
! R D N !
! 5-6 Y.0.! 1.14 .82 .97 ! !
! 9-10 Y.O0.! .50 .98 .83 1 !
! 14-15 Y.0.! .85 1.11 .96 1 !
! ADULTES! .80 .83 .76 ! !
Table 9 : Incorrect sequences uncertainty : means

and standard deviations, according to experimental
group and to age.
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1 N N N N R N
1 S-6 Y.0.! 4.96 3.00 2.21 ! 5.02 5.17 4.05 !
! 9-10 Y.O.! 3.46 1.59 1.73 ! 3.13 4.06 1.86 |
! 14-15 Y.0.1 3.48 1.49 1.29 | 1.98 3.56 1.21 |
! ADULTES! 2.3¢  1.31 1.20 ! 1.69 4.15 .97 1
, [}
1 N D N D R N !
! 5-6 Y.0.! 6.47 4 3.22 t 6.08 4.30 3.08 !
1 9-10 Y.O.! 2.98 2.29 1.84 ! 4.11 3.61 2.05 1
{ 14-15 Y.0. 1 1.89 1.7y 1.13 | 2.65 3.08 1.15
1 ADULTES! 2.10 2,19 1.22 | 2.88 3.40 2.92 |
! 1
1 R D N !
! 5-6 Y.0.! §.77 4.36 3.55 | !
! 9-10 Y.O.! 5.44 2.71 2.09 ! !
! 14-15 Y. 0. ! 3.96 2.05 1.28 ! !
! ADULTES! 5.61 2.19 1.46 | !
e e e e e e e e e e e '
! STANDARD DEVIATIONS -~ MEAN REALIZATION TIME (MTR) !
o ooty P '
) N N N N R N
! 5-6 Y.0.! 1.92 1.18 1.12 | 2.47 2.25 3.47
! 9-10 Y.O.! 1.89 .74 1.64 ! 1.69 1.86 1.13 !
! 14-15 Y.0.! 3.03  1.12 71 ! 1.04 1.33 .71 '
! ADULTES! 1.76 .76 65 !t 1.20 2.10 .37 !
] . | !
' N D N D R N
! 5-6 Y.0.! 3.80 2,07 1.65 { 2.45 1.21 1.15 1
! 9-10 Y.0.! 2.03 1.02 1.32 ! 1.25 1.62 1.26 !
! 14-15 Y.0.! 1.40 .72 36 ! 1.66 1.09 .50 !
! ADULTES! 1.64 1.23 48 ! 1.7% 1.73  4.05 !
! 1 !
1 R D N !
' 5-6 Y.0.! 2.69 2.22 1.98 ! !
1 9-10 Y.0.! 2.77 .92 1.02 ! !
1 14-15 Y.0.! 1.71 .87 71 ! '
! ADULTES! 3.55 .94 58 ! !

e e e e M e v e e T e e e e s e = = e = T - A = = = o e T - o -

Table 10 : Mean realization time : means and
standard deviations, according to experimental
group and to age.
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! N N N N R N ¢
' 5-6 Y.0.! 2.26 1.27 1.53 1 2.27 2.22 2.24 |
! 9-10 Y.0.! 1.22 .81 .93 ! 1.06 1.16 .92 I
! 14-15 Y.0O.! 1.38 .74 74 1 .82 .91 .60 1
! ADULTES! .94 .73 .60 1 .73 1.03 .62 !
! !
1 N D N D R N !
! 5-6 Y.0.! 1.99 2.84 1.74 Y 2.58 1.79 1.76 |
! 9-10 Y.0.! 1.25 .95 .92 1 1.69 1.25 1.28
! 14-15 Y.O.! 90 .88 86 1 .93 .81 .86 |
! ADULTES! 1.02 .97 .75 1 1.06 1.01 .68
! !
! R D N !
! 5-6 Y.0.! 1.87 1.73 1.56 ! !
] 9-10 Y.0.! 1.80 1.06 1.21 ! !
! 14-15 Y.O.! 1.35 .83 .67 1 !
' ADULTES! 1.73  1.48 .77 1 '
o e e e e e e e e r e e e e Ec e o= o o o m e e = e = - - ¢
I STANDARD DEVIATIONS - MEAN LATENCY TIME (MTL) 1
1 e e e e e e e e et o e e e e T i - = - - ——— — —— o ———— o ———— 1
! N N N N R N 1
' 5-6 Y.0.! .93 .48 .81 ! 1.35 1.29 1.46 1
' 9-10 Y.0.! .40 .18 .36 1 .48 .66 .43
!  14-15 Y.O0.! 1.13 .38 .32 1 .37 .42 .23 1
! ADULTES! .65 .34 .18 t .36 .46 .19 1
] t
! N D N D R N
! 5-6 Y.0.! 1.04 1.88 1.10 ! 1.22 .61 .75 1
! 9-10 Y.0.! .91 .55 .61 ! .62 .57 1.33 1
!  14-15 Y.0.! .52 .37 .43 ! .36 .35 .74
! ADULTES! 1.16 .41 41 1 .49 .31 .28 |
! ]
! R D N !
! 5-6 Y.O.! 84 .68 .35 1 '
! 9-10 Y.O.! 1.14 .66 1.47 ! !
! 14-15 Y.O.! 96 .58 38 1 !
! ADULTES! 1.22  1.50 31 ¢ ]

Table 11 : Mean latency time : means and standard
deviations, according to experimental group and to
age.
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% CORRECT SEQUENCE (%CS)

- e e e R e = = e M e e M M e e m e A W T G e e e e e s R L G e 4 R T e e e e ek e e e o - e e . - - —— =

D s S G S D b S St P S S P P

- e s o b P

; GNxx Rxx Dxx ; nN nR nD
S-6 Y.O0. t 77.06 7 5 76.92 ! 81.72 $8.66 86 .87
9-10 Y.O. ! 89.61 $1.52 89 ! 94 .26 67.55% 91.15
14-15 Y.O. t 93.92 65.61 92.57 ! 95.29 80.11 96.75
ADULTS ; 92.55% 7 8 91.80 E 93.33 80.50 96 .84
o { nnN nrN ndN  drN rdN T
5-6 Y.0. 1 87.20 75.55 89.62 88.15 78.82
9-10 Y.O. ! 92.90 93.77 95.75 92.82 94.58
-14-15 Y.O. f 96.23 97.40 69.05 97.42 92.87
ADULTS ; 91.52 97.50 96.10 94.10 97.17
; nR dR l nD rD
5-6 Y.O0. ! 58.66 73.69 ! 8 7 71.17
9-10 Y.O. t 67.55% 61.41 H 91.15 82.82
14-15 Y.O. 1 80.11 €6.28 ! 96.75 87.52
ADULTS ; 80.50 82.20 ; 86.84 93.26
5 F-GNxx M-GNxx z F-Rxx M-Rxx { F-Dxx M-Dxx
5-6 Y.O. ! 75.42 79.20 1 B82.22 74 1 73 &0
9-10 Y.O. ! 91.93 87.21 ! 56 46 .50 1 92.28 86.80
14-15 Y.O. 1 94.10 93.50 ! 65.80 65.30 1 94.40 91.10
ADULTS ; 93.50 91.90 ; 81 72 ; 94 90.60
TABLE 12 : %CS: - means according to age and to presentation
order of matrix type.
_ means according to age and to sex, in the
first session (F=females; M=males).
% DOMINANT SEQUENCE (%ZDS)
5 GNxx Rxx Dxx i nN nR nD
S5-6 Y.O0. I 60.48 49.52 36.92 ! 67.46 44 .11 49.50
9-10 Y.0. ! 59.54 27.40 23.80 ! 64 .80 4% .44 33.36
14-15 Y.O. 1 53.57 46 20.57 ! £54.58 £9.20 20.52
ADULTS ; 57.70 57.70 20.70 3 62.47 51.60 21.80
_____ I nnN nrN ndN  drN rdN
5-6 Y.O. 1 67.86 55.88 70.50 68.92 61.52
9-10 Y.O. ! 66.80 73.77 £5.57 38.94 48.82
14-15 Y.O. ! 54.70 74.80 39,47 53.04 45.852
ADULTS E 63.71 61.10 43.20 49.10 44.73
;na' dR ; “nD rD
5-6 Y.0. ! 44.11 50.46 ! 49.50 40.94
9-10 Y.O. ! 45.44 36.94 ! 33.36 31.17
14-15 Y.O0. ! 59,20 62.66 ! 20.52 24.47
ADULT ; $1.60 61.80 ; 21.80 28.52
: F-GNxx M-GNxx ; F-Rxx M-Rxx i F-Dxx M-Dxx
-6 Y.0 ! 60.78 60 48 .44 50,75 Y 40.3 24
3-%0"v%. 1 £9:2%8 €%%0 | 43:4% 52, 1 59:23  28%0
14-15 Y.0. | §5.42 49 .66 ! 51 39.55 ! 20.80 20.30
ADULTS ; 60.60 55.80 ; 64 £3.20 ; 21.10 20.40
TABLE 13 : %DS: - means according to age and to presentation
order of matrix type.

_ means according to age and to sex, in the

first session (F=females; M=males).
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in the

means according to age and to sex,
113

first session (F=females; M=males).

MTL: - means according to age and to presentation

order of matrix type.

TABLE 21



CONDITIONAL UNCERTAINTY OF RESPONSES (U(R/=)

| R1 R2 R3 R4 RS R6 !
mm e e - - e e ettt
! ! GN ]
! ! = !
! 5-6 Y.O. ! 54 37 32 .36 19 =10 !
! 9-10 Y.0. ! 65 38 38 24 13 ~.058 1
114-15 Y.0. ! .72 42 39 25 12 03 !
! ADULTS ! .65 .46 36 24 .10 04 !
e it i T 1
1 ! R !
1 ! !
! 5-6 Y.0. ! 79 38 38 .25 23 21 !
! 9-10 Y.O0. | 84 70 59 .56 54 42 !
114-15 Y. 0. 1! 65 61 .54 .62 37 23 !
!  ADULTS ' 62 44 41 .35 22 16 !
oo T !
[] ! D []
! ! 1
! 5.6 Y.O. ! .80 .82 .40 .49 .29 .20 !
! 9-10 Y.0. | 89 77 78 44 32 11 !
114-15 Y.O. ! 92 88 75 .49 37 07 !
!  ADULTS ! 93 89 81 .46 29 06 !

TABLE 22 : Means of U(R1) and U(R/s) according to age and to
matrix type, in the first session.
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% CORRECT SEQUENCES (7CG)
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! PRE-TRAINED SUBJECTS

%DS,

%xCS,

the first and in the second sessions (after N).

TABLE 23




(U(s)

SEQUENCES UNCERTAINTY

!
!
!
'
!
!
i
1
t
'
!
'
!
!
'
'
!
!
'

(U(cs))
(U(1S))
L0000
.0000
{MTR)
.0000
.01
.0000
.0000
(MTL)

NS

. 059
. 0000
.002
0000
. 0000
.0000
. 001
.002
. 0000
.0000
. 004
.006

| =X
P«
p¢

.0000
p«
p¢
p«

=X
P«
pe
NS
pe.
p<
pl
P
P«
=X
¢
p<¢
=X
[=X5

.50
61.03

29.41

£0.08:
=23748
8

2
34,064

=7.34
=14 .94
=51.89

P—~—

NN

)=2.
207;
207

2
3
3
2
3

MEAN LATENCY TIME

352

, 352
F(5,352)=3.65
F§3,207
F(2.207

, 207

207

(3.
(3
(2

MEAN REALIZATION TIME

F(6,207)=4.59

F(6,207)=
F(6,207)=

F
F
E
F
F
F

X
X

R
I

MATRIX

1

X MATRIX
CORRECT SEQUENCES UNCERTAINTY

MATRIX

MATRIX

FACTOR AGE

INCORRECT SEQUENCES UNCERTAINTY
! FACTOR MAT

1
X MATRIX

X
X
X

FACTOR MATRIX
FACTOR AGE

AGE
FACTOR MATRIX
AGE X MATRIX

FACTOR MATRIX

AGE
FACTOR MATRIX

FACTOR AGE
FACTOR AGE
FACTOR MAT
AGE

FACTOR AGE
FACTOR AGE
FACTOR AGE

AGE
AGE

ANOVA (age x

=34.33:
=9.09 :
MTL:

MTR,

FACTOR MATRIX

AGE X MATRIX

u(cs), u(1s),
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o e  en e s e = S el e = R e e o e e = e e e . am e et M T e = v e e e e e e e e - - = e s om -

(AGE X MATRIX)
INAIVE SUBJECTS

'ANOVA

; (AGE X MATRIX)

! ANOVA

o e e - e e e e W e e - W . = e = = e e e = e e S e e A = Se e e e - e T S = W e = e R e - e e - = -

INAIVE SUBJECTS

(AGE X MATRIX)

NAIVE SUBJECTS

-t oy

- e e e e - o e e —m e o - o S e - = T e = = . = > = A = - . = - . e = = - = = - mm = — ——

TANOVA (AGE X MATRIX) 0 Ty

:ANOVA i

'NAIVE SUBJECTS

! PRE~-TRAINED SUBJECTS

! R
! ! I : : !

i e o = e = o —  m m = o e A = e = A= - = b = = = > = a= m = = . e - - m = = = e - — -

! ANOVA

(AGE X MATRIX)

e e e e e m e m e — e m m e e e e |

INAIVE SUBJECTS

u(s),
matrix) in the first and in the second sessions (after N).

TABLE 24




7% CORRECT SEQUENCES (7CS)

|___AGE_ ! 5-6Y.0. ! 9-10 Y.O. ! 14-15Y.0. | _ ADULTS __|
i 1 F(2,74)=.02! X2=26.49 ! %2=41.37 1 X2=22.73 !
: : NS ; p¢.0000 | p¢.0000 ! p¢.0000 !
! ! 123 123 y 123 i 123 !
'1= GN i1 | 1 ¢ I 1 f [ | ¥ !
12= R ' 2 12 1 2 1 2 !
13= D 1 3 13 * 13 * ! 3 : ]
% DOMINANT SEQUENCE (%DS)

i AGE | . 5:6Y.0. ! 9-10Y.0. ! 14-15Y.0. | ___ADULTS__ |
) 1 ! F(2,74)=6.1! ¥2=41.46 ! X2=31.68 | X2=34.79 !
z : p«0.003 ; p¢.0000 % p¢.0000 g p¢.0000 :
] ] 123 ! 123 ] 123 { 123 ]
11= GN ' 11 11 ! 1 g !
12= R 12 12 = 12 12 1
'3= D 13 e 13 1t 3 == 13 i
NB. CORRECT DIFFERENT SEQUENCES (NCS)

! AGE ! 5-6 Y.0. ! 9-10 Y.0. ! 14-15 Y.O. ! ADULTS |
i 1 F(2,74)=2.2! X2=21.50 | X2=28.11 | XZz=29.33 |
! : S ! p¢.0000 ! P<.0000 I p<.0000 !
] ] 12 3 ] 123 ] 123 ] 123 1
'1= GN ' 1 ! g ' 11 ]
'2= R 12 12 ‘2 ) '
13= D 13 {1 3 == } 3 s e 1 3 = !

NB. INCORRECT DIFFERENT SEQUENCES (NtrS)

] ! F(2,74)=.4 | X2=2=29.48 ! X2=42.24 | X2=26.66 !
; ! NS ] pc0.0000 |  pc0.0000 ; P«0.0000 |
! ] 123 ] 123 ] 123 1 123 !
11= GN 1 11 11 » 11 . !
12= R 12 1 2 @ 1 2 12 ]
13= p 13 13 v 13 v 1 2 * ]

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)
{___AGE__! 5-6Y.0. ! 9-10 Y.O. ! 14-15 Y.C. | _ ADULTS___|
! ! F(2,74)=3.9! X2=22.89 | X2=36.89 | X2=43.7
; ; p>.02 ; P<0.0000 1 p¢.0000 ; p<.0000 !
! ! 123 ! 123 1223 ! 123 1
11= GN ' 11 11 11 '
12= R ) 12 12 * 12 ]
13= D 13 s 13 * s 13 » x 13 * 2 ]

TABLE 25 : 2CS, =RDS, NCS, NIS, NSD2: - ANOVA (matrix) and

Newman-Keuls test among the 5-6 Y.O0., in the first session.
- Kruskal-Wallis

(matrix) and Mann-Wihtriey tests among 9-10 Y.O., 14-15 Y.O.,

ADULTS, in the first session.

(*) indicates a significant difference with P¢.05.
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SEQUENCES UNCERTAINTY (U(S))

! AGE !  5-6Y.0. 9-10 Y.0. ! 14-15 Y.O. ! ADULTS )
' ! F(2,74)=3.2! X2=40.44 ! ¥2=230.8 | ¥2=28.77 !
! ! p<.04 ! p<.0000 5 p¢.0000 § pr.0000 I
1 i 123 1 1223 ] 12 3 { 122 {
'1= GN ! ' [ 11 !
12= R 12 ) * 1 2z 12 !
'3= D 13 = 13 s 13 = '3 s !
CORRECT SEQUENCES UNCERTAINTY (U(CS))

| ___AGE__{ _.S5-6Y.0. ! 9-10 ¥.0. ! 14-15 Y.0. | ADULTS___|
[ ! F(2,74)=4.51 X2=26.73 ! X2=22.67 ! X2=26.17 !
| ! p¢0.01 ; p<.0000 ; p<.0000 ! p¢.0000 !
' ! 123 ] 123 | 123 ] 123 ]
'1= GN 11 11 11 11 1
12= R 12 1t 2 e 1 2 12 !
13= D 13 13 r s 13 == 13 r . f
INCORRECT SEQUENCES UNCERTAINTY (U(ZS))
__________________________________________________ Bttt
j___AGE_ 1 5-6 Y.0. ! 9-10 Y.0. ! "14-15Y.0. | _ ADULTS___|
1 1 F(2,74)=.98! X2=40.7 ! X2=39.94 | X2=27.81 !
; ! NS : p<.0000 p¢.0000 ; P¢.0000 !
! ' 123 ' 123 i 123 ! 1223 ]
'1= GN 11 Y 11 ! !
12= R ' 2 1t 2 ¥ t 2 = ® 1 2 b . 1
13= D 13 1 3 == 13 13 !
MEAN REALIZATION TIME  (MTR)

! AGE ! 5-6Y.0. ! 9-10 Y.0. ! 14-15 Y.O. | ADULTS !
I F(2,74)=.371 X2=18.30 | X2=17.19 | X2=20.14 !

: NS ! pc0.0001 ; P<0.0002 ! p<0.0000 !

! 123 1 123 | 123 1 123 !

1= GN 11 ! 1 11 = 11 !
2= R 1 2 i 2 = 12 12 = !
3= D '3 1 3 = 13 * ! 3 L !

o e e e e e =+ e e == A = . e = = e = = e - o — - —— o — -

MEAN LATENCY TIME (MTL)

- e e e e e e e R e e e = e S o 4 = e e e = am m o e = = e e+ = = e = - - — = -

| __AGE__ 1 5-6 Y.0. ! 9-10 Y.0. I 14-1S5 Y.O. ! ADULTS _ |
1 ! F(2,74)=1.51 X2=12.44 | X2= ] ¥2=20.03 |
i i NS ! p<0.002 ; NS ; p<¢.0000 %
] i 123 1 123 ! 122 ! 123 '
1= GN 11 11 11 19 1
12= R 12 12 = 12 12 * [
13= D 1 3 13 x 13 13 * !

dm e n em s e o e . R e e e = = e e = e e o o = = n = - TE m > = S = = . = - - - -

TABLE 26 : U(S), U(CS), U(Is), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test among the 5-6 Y.0., 1in the first
session.

~ Kruskal-Wallis
(matrix) and Mann-Wihtney tests among 9-10 Y.O., 14-15 Y.O._,
ADULTS, in the first session.
(*) indicates a significant difference with P¢.05,
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SUJETS PREENTEAINES
Z CORRECT SEQUENCES (2CS)

i AGE 1 _5-6 Y.0. ! 9-10 Y.O. ! 14-15 Y.O0. | __ ADULTS !
i ! F(2,42)=6.8! F(2,54)=13.1 F(2,53)=10.! F(2,59)=9.2!
] : p¢<.003 ; p<.0000 ; p<.0001 ; p<.0002 ;
] ]
! ! 123 ! 123 | 123 | 1223 !
11= N ! 1 = 11 * 11 = ! 1 = !
12= R 12 1 2 12 1 2 !
13= D 13 = 1 3 * 1 3 * 1 3 = 1
% DOMINANT SEQUENCE (%DS)
j___AGE___{___5-6Y.0. ! _9-10 Y.0. ! 14-15Y.0. | ___ADULTS_ __|
! ! F(2,42)=6.5! F(2,54)=9.8! F(2,53)=19.1 F(2,59)=18.1
! 5 p{0.003 ! p<.0002 ; p<.0000 5 p¢.0000 't
! i 123 i 123 1 1223 ! 123 !
11= N ! 1 11 {1 11 !
12= R 1 2 1 2 1 2 = 12 = !
13= D 13 = 1 3 {13 = t 3 !
NB. CORRECT DIFFERENT SEQUENCES (NCS)
{___AGE ! 5-6 Y. 0. ! 9-10 Y.0. ! 14-15 Y.0. | ___ADULTS _ |
1 ' F(2,42)= ! F(2,54)=9.7! F(2,53)=49.! F(2,59)=18.!
: : NS % pP¢.0002 : pP¢.0000 % p¢<.0000 :
] i 122 123 1 123 1 123 |
11= N ' 'l (Y 11 1
i2= R 12 1 2 = 1 2 i 2 !
13= D 1 3 13 e 13 == 1t 3 == ]
NB.INCORRECT DIFFERENT SEQUENCES (NZS)
| __AGE__ ! _5:6Y.0. ! 910 Y.0. ! 14-15Y.0. | ___ADULTS __|
1 ! F(2,42)=9.9! F(2,54)=25.1! F(2,53)=13.1 F(2,59)=13.1
! ! p<.0003 5 p<0.0000 5 pc0.0000 ! pcb.0000 '
g ! 123 3 123 ! 123 § 123 g
= ] x
iz B i3 i3 i3 i3 ;
13= D i3 * 13 x 1 3 ] i3 * i
NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)
j___AGE ! 5-6 Y¥.0. ! 9-10 Y.O. ! 14-15 Y.0. | __  ADULTS___|
1 i F(2,42)=5.2! F(2,54)=13.! F(2,53)=51.1 F(2,59)=42.!
% 5 p>.0009 ; p<b. 0000 5 p¢.0000 5 p<.0000 5
! ! 123 ! ‘123 1 123 ! 123
1= N ! 1 11 11 11 1
12= R 12 12 12 12 i
13= D 13 =z 13 v = 13 s . 12 * x 1

TABLE 27 : %CS, =%DS, NCS, NIS, NSD2: - ANOVA (matrix) and
Newman-Keuls test for each age group, in the second session.
(*) indicates a significant difference with P«¢.0S.
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SEQUENCES UNCERTAINTY (U(s))

{___AGE___} __5-6Y.0. ! 9-10 Y¥.0. ! 14-157Y.0. {  ADULTS___|
! ! F(2,42)=5.9! F(2,54)=12.! F(2,53)=15.1 F(2,59)=13.!
] ; p<.0005 ; p¢.0000 ; p¢.0000 ; P{s00007 !
1 !
| ! 123 | 123 | 123 | 123 !
1= N {1 * {1 ! 1 ! 1 !
12= R ! 2 1 2 = 12 12 = !
13= D 1 3 * 13 = {3 o= 1 3 = !
CORRECT SEQUENCES UNCERTAINTY (U(CSs))

J___AGE ! 5-6 Y.0. 1 9-10 Y.0. ! 14-15Y.0. | ' ADULTS___|
! i F(2,42)=5.1! F(2,54)=9.8! F(2,53)=37.1 F(2,59)=22.1
{ ! p<0.01 { p<.0002 ; p<.0000 ; p¢.0000 ;
! ! 123 | 123 1 123 ! 123 !
1= N Y 11 {1 [ ]
12= R 1t 2 = { 2 ' 2 12 !
13= D 13 = 13 == 13 s 13 == 1
INCORRECT SEQUENCES UNCERTAINTY (U(ES))

{___AGE ! 5-6Y.0. ! 9-10 Y.0. | 14-15 Y.0. | __ ADULTS___|
i i F(2,42)=4.1! F(2,54)=28.1 F(2,53)=13.1 F(2,59)=11.!
! ! p¢.02 ; P¢.0000 ! Fpel00007 1, " pel0001 !
] t 123 1 1.2 3 t - 123 ' 123 !
1= N ' 1 * 11 x 11 * Y x !
12= R 12 1 2 1 2 1 2 1
'3= D ' 3 * 1 3 . 1 3 * 13 = ]
MEAN REALIZATION TIME {MTR)

! _AGE ! 5-6 Y.0. ! 9-10 Y.0. ! 14-15 Y.O. { ADULTS _ !
] ! F(2,42)=4.6! F(2,54)=18.1 F(2,53)=20.! F(2,59)=18.!
% ; p¢.0 ! p<6.0000 g pc6.0000 ; p<6.0000 !
! ! 123 - 123 123 ! 123
1= N ! 1 11 * ! 1 : ! 1 s !
12= R 12 = ' 2 t 2 1 2 ]
13= D {3 13 2 t 3 : ! = = !
d MEAN LATENCY TIME  (MTL)

{___ACE 1 5-6Y.0. 1! 9-10 Y.0. ! 14-15 Y.0. | ADULTS___|
{ ! F(2.42)=4.9! F(2,54)= | F(2,53)= | F(2,59)=3.2!
{ ; Pc.01 ! NS ; NS ! pé.0600 !
! ' 123 y 123 ! 123 1 123 !
11= N ! 1 11 11 11 1
12= R 12 = 12 12 12 q
13= D 1 3 = 13 13 13 ]

- - - - . = e o = e R = e g e e - =R e S . A AR = = e - - = e - o

TABLE 28 : U(S), U(CS), U(1S), MTR, MTL: - ANOVA (matrix)
and Newman-Keuls test for each age group, in the second
session.

(*) indicates a significant difference with P¢.0S5.
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7% CORRECT SEQUENCES (7CS)

] ! FACTOR AGE : F(3.244)= 15.4 R 0000 ]
' ! FACTOR PRE-T. : F(& . 244)= s ]
i i AGE X PRE-T . F(12),344)= : NS 1

! { FACTOR AGE : F(3,344)= 3.76 p¢.01 |
1 ! FACTOR PRE-T. : F(4,344)= 6.43 p<.0000 ]
! ! AGE X PRE-T : F(127344)= 1.94 p<.03 !

o e o o e - = et = - - > = - ——— = = = = = o - - —— = - A = s = = e - = e e = = = A = - - -

NB CORRECT DIFFERENT SEQUENCES (NCS)

IANOVA (AGE X PRE-TRAINING) '
1 ! FACTOR AGE . F(3,344)=7.57 p:.0000 !
i | FACTOR PRE-T. : F(4.344)=8.1 p¢.0000 !
1 !\ AGE X PRE-T i F(12,344)="1.82 pe<.04 1

"NB.INCORRECT DIFFERENT SEQUENCES (NIS)

! ! FACTOR AGE : F(3.344)= 18.98 R 0000 !
t ! FACTOR PRE-T. : F(4,344)= S !
! ! AGE X PRE-T : F(12,344)= : NS ]

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

[ ! FACTOR AGE : F(3,344)=12.91 p¢.0000 1
] ! FACTOR PRE-T. : F(4.344)=10.68 p<.0000 1
] i AGE X PRE-T : F(12,244)=2.37 p¢.006 ]

TABLE 28 : RACS, 7%DS, NCS, NIS, NSD2: - ANOVA (age x
pre-training)in the third session.
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SEQUENCES UNCERTAINTY (U(S)

[ ! FACTOR AGE : F(3,344)= '
] t FACTOR PRE-T. : F(4.3441=6.26 pe<.0000 ]
! ! AGE X PRE-T : F(12,344)=1.93 p¢.03 i

CORRECT SEQUENCES UNCERTAINTY (U(CS))

IANOVA (AGE X PRE-TRAINING) !
i ! FACTOR AGE : F(3,344)=8.37 p¢.0000 !
! ! FACTOR PRE-T. : F(4.344)=7.50 p¢.0000 |
] ! AGE X PRE-T  : F(12,344)=2.12 p¢.01. 1

e = o = e = e = —— v = = = e = m e e T e = - . T - = e = e e - = e

INCORRECT SEQUENCES UNCERTAINTY (U(IS))

'ANOVA (AGE X PRE-TRAINING) !
1 ! FACTOR AGE : F(3,344)=22.31 R 0000 1
! ! FACTOR PRE-T. : F(4&4.344)= [ ]
! ! AGE X PRE-T : F(12,344)= : NS !

MEAN REALIZATION TIME (MTR)

IANOVA (AGE X PRE-TRAINING) !
! ! FACTOR AGE : F(3,344)=29.64 p<.0000 i
] ! FACTOR PRE-T. : F(4.344)=2.71 (.02 ]
1 ! AGE X PRE-T : F(12),344)=2.05 p<.02 1

- o o e e e o . o e e e = A e s e e e v = Tm e M e e e e = e e = . -

MEAN LATENCY TIME (MTL)

' ! FACTOR AGE : F(3,344)=40.23 R 0000 !
' ! FACTOR PRE-T. : F(4&,344)= [ |
] ! AGE X PRE-T : F(12,344)= : NS !

TABLE 30 : U(S), U(CS), U(1S), MTR, MTL: - ANOVA (age x
pre-training) in the third session.
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7% CORRECT SEQUENCES (7CS)

j___PCE__ 1 _.5-6Y.0. ! 9-10 ¥.O0. ! 14-15Y.0. | _ ADULTS___|
1 1 { ! F(4,93)=3.11 1
% ; NS ; NS ; p¢.02 ; N3 ;
H H 1 2345 ! 1 2345 1 1 2345 H 1 23 45 !
t1= NNN 11 11 11 1 1 !
12= NRN ! 2 ) 2 1 2 1 2 H
13= NDN 1 2 1 3 1 3 1 3 {
14= DRN !t 4 ! 4 1 &4 1 4 !
15= RDN 1 5 1 s 1§ = = {1 s !

% DOMINANT SEQUENCE (7DS)

e e e e e o e e S e T e - e e e e e e e - e -

{___AGE | _.5:6Y.0. ! _9-10 Y.0. ! 14-15Y.0. { ___ADULTS __|
i ] { F(4,86)=4.9! F(4,93)=4.61 f
! ; NS ; p¢.001 ; p¢ .00 ! NS ]
1 ! 12345 ) 12345 )| 12345 § 122468 1
1= NNN ! 1 11 = 1 1 11 !
12= NRN | 2 ! 2 rx 27 oz x4 5 ]
i3= NDN ! 3 1 3 ! 3 1 3 y
'4= DRN | 4 1 4 1 & 1 4 ]
i1S= RDN | 5 15 ' 5 1 5 !

- o e e e e = A = - = . e e -

NB. CORRECT DIFFERENT SEQUENCES (NCS)

i___AGE___} _. 56 ¥.0. ! | 9-10 Y¥.0. ! 14-15Y.0. | __ ADULTS __|
i 1 ! F(4, es) 4.0! F(4,93)=5.8! F(4,95)=2.51
5 % NS ; p< 005 ; p(.O 03 ; p¢.05 ;
1 ! 12345 { 12345 { 12345 1| 12345 !
1= NNN 1 1 11 11 11 1
i2= NRN | 2 | 2 1 2 =3 a2 1
13= NDN | 3 {3 1 3 | 3r ]
i4= DRN | & 1 4 = { & { & ]
is= RDN 1 § 1 5 ! 5 [ 1

NB_INCORRECT DIFFERENT SEQUENCES (NIS)

___AGE_ | _.5:6Y.0. ! _9-10Y.0. ! 14-15Y.0. | __ ADULTS___|
F(4,93)=3.3
NS NS p¢.0 NS
12345

NHWN-
IR
4
o
2

o e e s e r  m = = - > AP e = e n e e . e e me = - e Am e e oy e = -

NB SEQUENCES DIFFERENT 2 PREVIOUS (NSD2)

o o e e A e e = m s e A= e = e = = . = P = = e e v o = = . . = ms = - = = = = - -

{___AGE__| S-6Y.0. 1! 9-10Y.0. ! 34:15_!-9 }____ADULTS _ |
{ ! F(A ee) =5.51 Fl(4, 93) o! F(4, 95) 3.1
; i NS ; 005 ; pe¢.0 01 i pt. :
] ! 12345 | 12345 ) 12345 V' 123465 1|
f1= NNN 1 1 1 11 ! 1 * s
12= NRN 2 12 t 28 *® 3z 4 2 1
13= NDN 3 1 3x 1 3 13 ]
14= DRN 4 { 4® 14 z 14 '
iS= RDN s {5 ! 5 1 5 !

JABLE 31 : %XCS, ZDS, NCS, NIS, NSD2: - ANOVA (pre-training)
and Newsman-Reuls test for each age group, in the third
session.

(*) indicates a significant difference with P¢.05.
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SEQUENCES UNCERTAINTY (U(s))

|___AGE__{ 5-6Y.0. ! 9-10 Y.0. ! 14-15 Y.0. { _ ADULTS__ |
1 i ! Fl(a, ee) 4.2 F(4,93)=5.41 1
] ; NS 5 p¢.004 ! p¢.0005 ; NS ;
] ! 12345 ! 123485 | 12345 | 12345
11= NNN ! 1 11 11 'l '
12=- NRN 1 2 12 { 2¢« = s v 2 ]
13= NDN | 3 1 3 t 3 1 3 !
'2= DRN | & ! 4* = 1 4 {4 !
iS= RDN | § ! 5 1 S 1 5 ]
CORRECT SEQUENCES UNCERTAINTY (U(CS))

|___AGE__ ! 5-6Y.0. ! 9-10 Y.0. ! 14-15Y.0. !} _ ADULTS_ __|
! ! ! F(4, 86) 4.7! F(4, 93) =5.71 [
! 5 NS ! p<.002 ! p¢.0004 ! NS ;
! 1 12245 ! 12345 1 12345 123465
11= NNN ! 1 11 ! 1 (Y ]
12=- NRN | 2 i 2 1 2 *r 2y 2 i
13= NDN | 3 1 3 13 13 1
14= DRN 1 4 1 4% = o4 i 4 i
'15= RDN | & ! 5 [ 1 5 ]
INCORRECT SEQUENCES UNCERTAINTY (U(IS))

j___AGE__ ! 5-6Y¥.0. ! 9-10 Y.O. ! 14-15Y.0. j____ADULTS__ |
i ! { F(4, 93) 2.5 1

! NS g NS 5 pe. 5 NS :

1 12345 1 122345 1 122485 ' 12345 1

1= NNN ! 1 11 11 11 !
2= NRN ! 2 ' 2 ) 12 {
3= NDN | 3 i3 13 13 1
4= DRN ! & 14 14 ' 4 !
S= RDN ! § 15 [ x 1 S ]
MEAN REALIZATION TIME (MTR)

{___AGE__ ! 5-6Y.0. ! 9-10 Y.0. ! 14-15Y.0. | ___ADULTS__ |
1 1 1 5 o 1 F(4,95)=3.5!
f i NS ; NS. ; NS ] pc.0 !
! ! 12345 ! 123645 | 12345 | 12345 1
1= NNN ! 1 11 ! 1 ' 1 !
i2= NRN | 2 i 2 1 2 ' 2 ]
13= NDN | 3 1 3 1 3 13 ]
14= DRN ! & 1 4 1 & | 4% = = x|
'Sz RDN | &5 15 [ 15 ]

MEAN LATENCY TIME (MTL)

{___AGE__! 5-6Y.0. ! 9-10Y.0. ! 14-15Y.0. | ___ADULTS___|
! t ! ! ! {
i ; NS ! NS 5 NS ! NS !
1 i1 12345 | 12345 § 12345 { 123465 ¢
11= NNN 11 11 11 11 !
2= NRN ! 2 1 2 1 2 | 2 i
13= NDN ! 3 1 3 1 3 [ ]
4= DRN ! 4 1 4 | & 1 4 !
i{1S= RDN 1 5 i 5 1 5 1 5 ]

- A T - - — " = e e e S e e S e G e SR S e e . = P P T M- Y e e - e fm e g -

TABLE 32 : U(s), U(CS), U(IS), MTR, MTL: - ANOVA
(pre-training) and Newman-Keuls test for each age groui. in
the third session.

(*) indicates a significant difference with Pc.05.
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% CORRECT SEQUENCES (%CS)
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and for each matrix

in each session,
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ANOVA (age) and Newman-Keuls test for each
in the first session.

ZxCs

experimental group,

type,

TABLE 33




% DOMINANT SEQUENCE (%DS)

e e - = = = = e Mm em = = e e m m A = e e e T e —m . — E . e = e S A e T e e e = = = s e A e A e = e = e W m - - - -

i

' ! F.(3,69)=.35 | F.(3,69)=.76 ! F.(3,69)=.81 !
; ; NS g NS ; N3 i
' ! 1234 ! 1234 1 12234 '
11= 5-6 Y.0. ! 1 11 11 !
12= 9-10 Y.O. | 2 ' ! 2 = 1 2 s !
13= 14-15 Y.0.! 3 . 1 3 » 1 3 * !
'42= ADULTS 14 * ! 4 . | 4 ' !
| _SESSIONS | N ! R 1 N !
1 1 F.(3,68)=.24 | F.(3,68)=1.81 1 ~F.(3, se)=1 87 1
! ; NS ; NS ; !
! ! 1234 1 1234 1 1234 1
11= 5-6 Y.0. ! 1 ' 1 ! 1 !
12= 3-10 Y.O. ! 2 = 12 12 = 1
13= 14-15 Y.0.! 3 = 1 3 1 3 s x ]
14= ADULTS ' 4 s x i 4 { & = 2 {
g SESSIONS g N 1 D ) N !
1 !  F.(3,70)=1.84 ! F.(3,70)=22 ' F. (3, 70)=3.74 [
; : NS : p¢.0000 g p(. 014 "
' i 1234 i 1234 ! 1234 !
1= 5-6 Y.O. ! 1 [ : Y ]
12= 9-10 Y.O0. ! 2 * [ . 12 * i
13z 14-15 Y.0.! 3 * i3 : = ' 3 ol {
!4= ADULTS ' 4 * ! 4 * oz i & = !
g SESSIONS g D ! R ' N }
i i F.(3,67)=7.42 ! F.(3,67)=6.16 ! F.(3, 67) =3.26 |
!' : p¢0.0002 : p<0.009 : pe. "
1 1 1234 1 1224 ! 1234 '
'1= 5-6 Y.O. ! 1 (] = 11 1
i2= 9-10 Y.O. | 2 * 12 x 12 * |
13= 14-15 Y.0.! 3 x [ * 1 3 3 ]
'2= ADULTS I x 1 4 = t 4 * !
2 SESSIONS g R ' D ' N ;
! ! F.(3,70)=8 ! F.(3, 70) 1 F.(3,70)=1.52 1
! ! p<0.0001 ; p<0 069 ! NS '
{ { 1234 { 1234 ! 1234 !
11= 5-6 Y.0. ! 1 x 11 11 1
i2= 9-10 Y.O, ! 2 * 12 = 12 . 1
132 14-15 Y.0.! 3 z 13 = 13 2 ]
!4= ADULTS ! 4 L 'é x 14 z !
;" ééééiéﬁé'"g """"" e6N 1 TRy o !
! { F.(3,215)=1.67 ! F.(3,70)=8.003 ! F.(3,70)=7.42 }
; ; NS ; p<.0001 ; p<.0002 g
1 ! 1234 | 1234 1 2 3 4 !
11= 5-6 Y.0. ! 1 11 * 11 ]
12= 9-10 Y.0, | 2 12 12 . ]
13= 14-15 Y. o. 3 13 = 13 : ]
14= ADULT A 12 . 12 ’ 1

._--_----__---------—-—-_-_----——u-----__-..--—--———--——-_..___---—------—

TABLE 34 : ZDS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each 8session, and for each matrix
type, in the first session.
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NB. CORRECT DIFFERENT SEQUENCES (NCS)

-t e a8 n G T R R Sl e e e o e . = = = = = > = - e o . = = — = = = = e - = -~ - ————— = -

!

1 ! F.(3,69)=.40 | F.(3,69)=1.56 | F.(3,69)=1.01
! ; NS ; NS ; NS ]
! !
] ! 1234 { 1234 ! 1234 !
11= 5-6 Y.0. ! 1 ! 1 ! 1 !
12= 9-10 Y.0. ! 2 ! 2 1 2 ]
13= 14-15 Y.0.! 3 ! 3 { 3 !
=4= ADULTS ; 4 {1 4 1 a; 3
3 SESSIONS | N ) R r N i
! ! F.(3,68)=.12 | F.(3,68)=.97 | “F.(3,68)=2.31 |
§ g NS ;v NS g NS ;
! - ! 1234 ! 1234 ! 1234 ]
t1= 5-6 Y.O. ! 1 11 ! 1 ]
12z 9-10 Y. o. ' 2 1 2 1 2 ]
13= 14-15 Y.0.! 3 1 3 {1 3 '
!4= ADULTS 4 ! 4 ! 4 ;
i SESSIONS | N ) D ' N !
' i F.(3, 70) 1 F.(3, 70) 25.99 ! F.(3,70)=5.58 |
% % p¢.0 22 5 p< 000 % pPc¢.0017 %
i i 1234 ! 1234 ! 1234 !
11= 5-6 Y.0. ! 1 !l 11 !
12= 9-10 Y.0, ' 2 1 2 x 12 !
i3= 14-15 Y.0.{ 3 * t 3, == 1 3 = !
=4= ADULTS s 4 bd ! 4 xr = 1 &4 b s
| SESSIONS | D ! 'R ' N !
1 1 F.(3,67)=9.28 | F.(3, 67) 6.38 1 F.(2,67)=2.582 1
% § p<0.0000 ! p<0.0007 ! pe.065 ]
i (. 1234 ! 1234 f 1234 {
11= 5-6 Y.O. ! 1 ' 1 * 11 i
12= 9-10 Y.O. ! 2 * 1 2 {2 = !
13= 14-15 Y.0.! 3 = { 3 z 13 1
'4= ADULTS 4 x ' 4 . ' 4 !
| SESSIONS | R ! D ' N !
1 ! F.(3,70)=5.82 ! F.(3,70)=4.77 | F.(3,70)=2.02 !
! ; p<0.0013 { E<0.0044 { NS '
{ | 1234 ! 1234 f 1 2 3 4 {
11= 5-6 Y.0. I 1 * 11 11 !
12= 9-10 Y.0. | 2 12 = 12 i
13= 14-15 Y.0.! 3 z 13 = 13 !
14= ADULTS ! 4 = 14 . 14 !
| _SESSIONS | GN Ty "R Ty o °‘E
! { F.(3, 215)-3 23 | F.(3,70)=5.82 1 F.(3.70)=9.29 |
% ; p¢.02 ; p¢.001 ; p<.0000 !
! ! 1234 1 1234 ! 1234 !
1= 5-6 Y.0. ! 1 11 x 11 !
i2= 9-10 Y.0. | 2 12 12 = !
13= 14-15 Y.0 | 3 . 13 * 13 . '
14= ADULTS ! 4 bd 14 = 14 » !

- - = e e A e R A D e P W e A e R e R P M T e A S S S - S S e . e S TR S e P em e e e

TABLE 35 : NCS : ANOVA (age) and Newman-Kerls test for each
experimental group, 1in each session, and for each matrix
type, in the first session.
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NB. INCORRECT DIFFERENT SEQUENCES (NIS)

! SESSIONS | N ! N ! N !
1 !  F.(3,69)=5.36 | F.(3,69)=3.19 ! F.(3,69)=1.57 |
] : p<.0022 ; p¢.028 5 NS ;
1

! i 1234 ] 1234 ] 1234 !
11= 5-6 Y.0. | 1 11 [ 1
12= 9-10 Y.0. | 2 z ! 2 * 12 ]
13= 14-15 Y.0.! 3 = { 3 . { 3.. !
14= ADULTS 4 . ! 4 . T ;
| _SESSIONS | N ! R ! - N i
1 1 F.(3,68)=6.66 ! F.(3,68)=3.07 ! -F.(3,68)=6.22 |
% ; p¢.0005 ; pP¢.033 ; pe¢.0008 !'
! { 1234 1234 t 1234 !
11= 5-6 Y.0. ! 1 ! 1 11 ]
12= 9-10 Y.O. | 2 = 12 ! 2 = !
13= 14-15 Y.0.1 3 x ' 3 1 3 * !
'4= ADULTS 14 ] [ f 4 = !
| SESSIONS g N ! D ' N }
1 f F.(2,70)=1.52 ! F.(3,70)=5.68 ! F.(3,70)=4.45 |
5 ! NS ! p¢.0015 ; p<.0063 !
! ! 1234 { 1224 ! 1234 !
11= 5-6 Y.0. ! 1 11 11 !
12= 9-10 Y.0. ! 2 1 2 s ) '
13= 14-15 Y.0.1 3 x 1 3 * oz 1t 3 = i
!4= ADULTS g * ! & * 2 1 4 * !
| SESSIONS ! D ) R ! N !
' 1 F.(3.67)=2.97 ! F.(3,67)=7.19 ! F.(3,67)=3.17. 1
; g p<0.037 ; p<0.0003 ! p<.0296 %
! ! 1234 i 1234 i 1234 !
1= 5-6 Y.0. ! 1 ' 1 11 ]
f2= 9-10 Y.0. | 2 s {2 . ' 2 !
13= 14-15 Y.0.! 3 = 13 i3 = ]
{4= ADULTS g z 1 4 . A 3
! SESSIONS | R ' D ! N !
! !  F.(3,70)=7.49 | F.(3,70)=3.58 ! F.(3,70)=6.17 !
s ; pc¢0.0002 3 p<0.017 ) ; p<¢<.0009 :
{ 1 1234 ! 1234 ] 1234 '
11= 5-6 Y.0. 1 1 11 11 !
12= 9-10 Y.0. ! 2 = 12 12 = ]
13= 14-15 Y.0.! 3 s 13 13 = 1
142= ADULTS 1% . 12 = 14 = 1
| _SESSIONS | GN ' R ! D !
1 i F.(3,215)=11.69 ! F.(3,70)=7.49 ! F.(3,70)=2.97 !
; ; p¢.0000 ; p<0.0002 ; p<.037 1
! | 1234 ! 1234 ! 1234 ]
1= 5-6 Y.O. ! 1 11 * 11 1
12= 9-10 Y.0. ! 2 = 12 12 !
13= 14-15 Y.0.! 3 * 13 . 13 i
14= ADULTS ' % : 12 * 14 !

- o - - - S . e Y S e T e A R TR S G SR G e T e e R P e A M e A = S e e = - W = e e R -

TABLE 36 : NIS : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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NB. SEQ. DIFF. 2 PREV. (NSD2)

! SESSIONS ! N ! N ' N !
1 ! F.(3,69)=.81 ! F.(3,69)=3.19 ! F.(%,69)=2.95 i
; § NS ! pe<.028 ! p<.03& ]
! ! ! ]
! ] 12 34 ! 1234 { 1234 {
11= 5-6 Y.0. ! 1 {1 11 !
12= 9-10 Y.O. 1 2 * ! 2 » 1 2 ]
13= 14-15 Y.0.! 3 * 1 3 s ! 3. = i
14= ADULTS ' 4 * ! 4 = 1 4% !
!  SESSIONS | N ! R r N !
[ { F.(3,68)=.35 | F.(3,68)=.55 | +~F.(3,68)=2.43
; 5 NS ; NS ; NS '
! | 1234 ! 1234 1 1234 f
11= 5-6 Y.0. ! 1 ! 1 11 1
12= 9-10 Y.O. | 2 x 12 i 2 s {
13z 14-15 Y.0.! 3 . ! 3 13 * 1
14= ADULTS 4 * 1 4 1 4 * !
| SESSIONS ! N ' D 1 N '
! ! F.(3,70)=5.39 F.(3,70)=44.16 ! F.(3,70)=7.60 1}
! 5 p<.0021 ! p<.0000 ! p<.0002 !
] ! 1234 ! 1234 ! 1234 1
1= 5-6 Y.0. ! 1 11 ! 1 !
12= 9-10 Y.O0. ! 2 12 * 12 i
13= 14-15 Y.0.! 3 * 13 » 3 13 x = ]
'4= ADULTS !4 x i 4 * = i 4 . i
[P  m m o m e mm e m o e e T e !
! SESSIONS 1 D ] R ' N '
1 ' F.(3,67)=18.37 ! F.(3,67)=2.66 ! F.(3,67)=3.07 |
% ; p<0.0000 ! p<0.016 : p<.033 !
i . 1234 1 1234 1 1234 ‘
'1= 5-6 Y.O. ! 1 11 = 11 !
12= 9-10 Y.O. ! 2 x {2 ' 12 = ]
13= 14-15 Y.0.! 3 x 13 z 13 * ]
'4= ADULTS ' 4 x ! 4 * ! & !
! SESSIONS | R ! D ! N !
[ 1 F.(3,70)=5.04 | F.(3,70)=11.09 ! F.(3,70)=4.57 1
] ! p<0.0032 ; p¢.0000 : p<.0056 |
! 1 1234 ! 1234 1 1234 1
1= 5-6 Y.0. ! 1 * 11 11 ]
12= 9-10 Y.0. ! 2 = 12 s 12 * ]
13= 14-15 Y.0.! 3 * 13 . 13 s 1
1= ADULTS | & * 14 ] 14 : ]
!__SESSIONS v GN vy R y b ;
! ! F.(3,215)=4.04 | F.(3,70)=5.04 ! F.(3,70)=1&.37 |
; ; p¢.008 ! p<0.0032 ; p<.0000 !
! ! 1234 ! 1234 ! 1234 ]
1= 5-6 Y.O. | 1 11 11 '
i2= 9-10 Y.0. | 2 12 12 ' ]
13= 14-15 Y.0.1 3 * 13 13 * ]
14= ADULTS ! 4 14 * 14 v ]

TABLE 37 : NSD2 : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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SEQUENCES UNCERTAINTY (U(S))

{ i

! | F.(3,69)=.28 | F.(3,69)=.37 | F.(3,69)=.38 '
! g NS % NS ; N3 !
i ! 1234 ! 1234 1 1234 1
1= 5-6 Y.O 1 1 ' 1 1 1
12= 9-10 Y.O. ' 2 1 2 2 ]
13= 14-15 Y.0.1 3 1 3 3 ]
z4= ADULTS 3 4 ! 4 4 :
: _ SESSIONS % N ! R y N !
! - { F.(3,68)=.63 ! F.(3,68)=1.99 ~F.(3,68)=2.35 |
:' ; NS ; NS NS !
[ 1 1234 ! 1234 i 1234 1
11= 5-6 Y.0. 1 1 11 {1 ]
12= 9-10 Y.0. ! 2 ! 2 1 2 !
13= 14-15 Y.0.1 3 13 1t 3 1
34: ADULTS ! 4 1 4 ! 4 3
! SESSIONS g N ! D 1 N ;
! ' F.(3,70)=1.71 | F.(3,70)=15.78 ! F.(3,70)=3.03 !
! 5 NS ! p<.0000 ; p¢.034 '
] ! 1234 t 1234 { 1234 !
11= 5.6 Y.0. ! 1 ! 3 Y ) ]
12= 9-10 Y.O. | 2 ' 2 z 12 !
13= 14-15 Y.0.! 3 13 x =z '3 ]
;4: ADULTS ; 4 1 4 = 1 4 b d g
g SESSIONS ! D ! R ! N ;
! i F.(3,67)=4.69 ! F.(3,67)=9.99 ! F.(3,67)=2.33 |
5 ! p<0.0048 3 p<0.0000 ! NS '
1 i 1234 ! 1234 ! 1234 i
t1= 5-6 Y.O. ! 1 ! 2 x ! 1 '
12= 9-10 Y.0. ! 2 = 1 2 {2 1
13= 14-15 Y.0.! 3 x 13 = 1 3 ]
j4= ADULTS : 4 2 ! 4 b 1 4 ;
! SESSIONS i R ! D ! N 3
! ] F.(3,70)=8.62 ! F.(3,70)=2.33 | F.(2,70)=.70 !
% : p¢«0.0001 i NS ; NS ]
1 ! 1234 1 1234 ! 1234 i
1= 5-6 Y.0. ! 1 s 11 11 !
12= 9-10 Y.O0. ! 2 12 12 ]
13= 14-15 Y.0.! 3 = 13 13 !
14= ADULTS 1 4 b 14 14 1
! SESSIONS T GN ! R T o D-—--_-—-;
! 1 F.(3,215)= ! F.(3,70)=8.62 1 F.(3,70)=4.69 |
; ! NS g p¢0.0001 ; p<.0049 !
! f 1234 ] 1234 ! 1234 '
1= 5.6 Y.O. ! 1 11 * 11 '
12= 9-10 Y.0. ! 2 12 12 s i
13= 14-15 Y.0.1 3 13 * 13 x i
14= ADULTS ! 4 1% * 1% = !

W s e e e e - - - D o A = S G T Y L N R R W . e em e e G P A e W e o e

TABLE 38 : U(S) : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session
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CORRECT SEQUENCES UNCERTAINTY (U(CS))

! SESSIONS 1 N 1 N ! N :
1 i F.(3.69)=.41 F.(3.69)=1.45 | F.(3,69)=1.21 |
! ; NS ; NS ; NS ;
1 1 1234 ! 1234 1 1234 !
l1= 5-6 Y.0. ! 1 1 1 1 1
12= 9-10 Y.0. | 2 2 1 2., !
13= 14-15 Y.0.1 3 3 1 3% 1
;4: ADULTS ; 4 4 [y !
! s SESSIONS | N 1 R 1 N !
1 1 F.(3,68)=.08 1 F.(3,68)=1.36 1 F.(3, ee)=1.ee 1
e ; N N ;
P 1 1234 1234 ! 1234 !
1= 5-6 Y.0. ! 1 1 11 !
i2= 9-10 Y.O. ) 2 2 1 2 !
13= 14-15 Y.0.1 3 3 t 3 !
gé: ADULTS { 4 &4 f 4 {
j SESSIONS | N 1 D 1 N !
[ 1 F.(3,70)=4.57 F.(3, 70)-29 63 1 (3,70)=5.77 ¢
! ; p¢.0055 p(. ; .03 ;
! 1 1234 1 1234 1 1234 1
t1= 5-6 Y.0. | 1 1 1 : ! 1 !
12= 3-10 Y.O. | 2 ! 2 . 1 2 ]
13= 14-15 Y.0.1 3 * 1 3 s s 1 3 . !
:4: ADULTS ! 4 b ! 4 Tt = ! 4 b ;
! SESSIONS | D ! R ' N ;
! 1 F.(3,67)=11.12 1 ¥.(3,67)=8.05 | F.(3,67)=3.54 |
3 !!_ p¢0.0000 ; p¢0.0001 ; p¢.019 ;
1 ! 1234 1 1234 1 1234 1
'1= 5.6 Y.0. | 1 Y . ! 1 !
12= 9-10 Y.0. | 2 = ! 2 ' 2 = !
13z 14-15 Y.0.! 3 » 1 3 s 1 3 ] {
14= ADULTS 4 ] ! 4 s ! & !
| SESSIONS 1 R ' D ) N !
1 i F.(3, 70) e 47 1 F.(3,70)=6.5 | F.{(3,70)=3.26 1
; ; p¢0.0 ; 000 ; p¢.023 ;
1 1 1234 1 1234 1 1234 !
11= 5-6 Y.0. 1 1 O ! 1 ! 1 - !
12= 9-10 Y.O. ! 2 1 2 = 12 . 1
13= 14-15 Y.0.1 3 * 1 3 = 1 3 r ]
1Z2= ADULTS 1 & = 1 % = [ = ]
1 ;a;g;a;.;"g """" eN 1 R 1 b !
1 i F.(3, 215):2 e8 | F.(3,70)=6.42 | F.(3,70)=11.12 |
= ; pc.03 ; p<0.0008& ; p<.0000 !
{ ! 1234 ! 1234 ! 1234 !
1= 5-6 Y.0. ! 1 11 ’ 11 !
12= 9-10 Y.0. | 2 12 12 * !
13= 14-15 Y.0.! 3 . 13 . 13 . !
14= ADULTS ! & 14 s 14 ] '

TABLE 9 : U(CS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the firxt session.
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INCORRECT SEQUENCES UNCERTAINTY (U(I1S))

! SESSIONS ; N ! N ! N 1
e . U S !
] 1 F.(3,69)=3.39 | F.(3,69)=3.8 | F.(3,69)=2.73 |
% ; pc¢.02 ; p<.013 ; p¢«.0S ]

1
' ! 1234 1 123 4 f 1234 {
f1= 5-6 Y.O. | 1 ! 1 ! 1 1
12- 9-10 Y.O. | 2 * ' 2 . ! 2 = ]
13z 14-15 Y.0.! 3 . ! 3 » ! 3., [
'4= ADULTS ' 4 * ! & : 1 &= s {
e P d e e e T e !
3 SESSIONS ; N ! R | B N !
P i F.(3, €8)=3.26 ! F.(3,68)=2.42 | -~F.(3.68)=6.36 |
% ; p<.026 ; NS ; p<.0007 !

!
! 1 1234 ! 1234 ! 1234 1
11= 5-6 Y.0. | 1 ! 1 11 !
12= 9-10 Y.O. | 2 . 1 2 ! 2 * {
13= 14-15 Y.0.! 3 . { 3 ! 3 = !
14= ADULTS !4 = ! 4 ! 4 . !
3 SESSIONS ! N ! D ) N }
! ! F.(3,70)=.74 | F.(3,70)=4.65 | F.(3,70)=2.47
! ! NS ! p¢.0051 ; p¢.020 1
f ! ! 1
] i 1234 ! 1234 ! 1234 !
11= 5-6 Y.0. ! 1 ! g 11 ]
12- 9-10 Y.0. ! 2 1 2 ' 2 1
13z 14-15 Y.0.1 3 13 * 1 3 * '
;4: ADULTS ' 4 1 4 bd ' 4 :
{  SESSIONS ! D ' R ! N !
i ] F.(3,67)=3.99 | F.(3,67)=8. ! F.(3,67)=8.12 |
% ! p<0.0112 ; p<0.0001 ; p¢<.0001 !
] ] 1234 ! 1234 1 1234 '
11= 5-6 Y.0. ! 1 ! 1 = 11 1
2= 9-10 Y.O. t 2 - ' 2 * ) ]
13= 14-15 Y.0.! 3 = = 13 13 s 1
:4: ADULTS ; 4 LA 1 4 b ! 4 LA 1
[ gl ]
; SESSIONS ! R 1 D ! N '
1 i F.(3,70)=7.37 ! F.(3,70)=3.14 | F.(3,70)=4.98 1
s : p<0.0002 : p¢.0303 : ps.0034 i
{ i 1234 { 1234 1 1234 !
11= 5-6 Y.O. ! 1 ! 1 ! 1 !
12= 9-10 Y.O. ! 2 * 12 1 2 = !
13= 14-15 Y. 0.1 3 z 1 3 13 * !
14= ADULTS ! 4 2 ! 4 ! 4 x ]
5 SESSIONS % ______ oN 1 i—-__——_-; _________ B_-—--‘--E
! !  F.(3, 215) 5.73 1 F.(3, 70) 1 F.(3,70)=2.99 !
; ; p<.0009 ; p( 002 ; p¢.01 :
' ! 1234 1 1234 ! 1234 i
11= 5-6 Y.0. ! 1 11 11 1
12= 9-10 Y.0. ! 2 : 12 s 12 !
13= 14-15 Y.0.! 3 * 13 . 13 * = '
14= ADULTS 14 = 14 * e 1% * 3 i

et e e et el T S R i P A R e L T

TABLE 40 : U(IS) : ANOVA (age) and Newman-Keuls test for
each experimental group, in each session, and for each
matrix type, in the first session.

132




MEAN REALIZATION TIME

! SESSIONS ! N ' N ! N !
! ! F.(3,69)=4.18 | F.(3,69)=10.78 ! F.(3,69)=2.88 |
! ! p¢.00&8 ; p¢.0000 ; p¢.042 ]
! ! ]
] ! 1234 ! 1234 1 1234 '
11= 5-6 Y.0. ! 1 ! 1 !l !
12= 9-10 Y.O. ! 2 ' ' 2 * 1 2 * ]
13= 14-15 Y.0.! 3 . ! 3 = ! 3 * ]
!4= ADULTS 14 * i 4 . ! % = |
| SESSIONS ! N ! R ! N 1
! | F.(3,68)=14.52 1 F.(3,68)=2.04 | -F.(3,68)=27.55 |
; ! p<.0000 ! NS ; = " pt.0000 %
! - ! 1234 ! 1234 ! . 1234 !
11=°5-6 Y.0. ! 1 ! 1 ! 1 !
12= 9-10 Y.0. ! 2 = ! 2 ) ' !
13= 14-15 Y.0.1 3 x x 1 3 1 3 3 ]
12= ADULTS ! 4 x 3 1 & ! & = s !
| SESSIONS 1 N ' D ' N i
1 1 F.(3,70)=14.09 | F.(3,70)=9.39 | F.(3,70)=13.86 !
| ; p¢.0000 ; p<.0000 ! p<.0000 ;
! ' 1224 ! 1234 ! 1234 ]
1= 5-6 Y.0. ! 1 11 Y ]
12= 9-10 Y.0. | 2 * 1 2 . 1 2 * ]
13= 14-15 Y.0.! 3 x -3 : 1 3 * !
!4= ADULTS !4 = ! &4 = ' 4 s !
| SESSIONS i D ] R ' N i
1 ! F.(3,67)=12.36 | F.(3.67)=1.96 | F.(3,67)=2.74 1!
! ; p<0.0000 ! NS ; p¢.0497 !
] | 1234 ] 1234 y 1234 !
i1= 5-6 Y.0. 1 {1 = ! 1 !
12= 9-10 Y.0. ! 2 * 12 ] ' 2 * ]
13= 14-15 Y.0.1 3 s 13 ' 1 3 =z !
!2= ADULTS ' 2 3 14 = 1 4 x ;
| SESSIONS 1 R o D ! N &
1 ' F.(3,70)=1.87 { F.(3,70)=11.26 ! F.(3,70)=13.80 !
; ! NS ; p<.0000 i p<.0000 !
] ! 1234 i 1234 -1 1234 1
1= 5-6 Y.0. ! 1 * ! 1 11 !
12= 9-10 Y.0. | 2 * 12 * ! 2 = !
13= 14-15 Y.O.1 3 * 1 3 s 1 3 » !
14= ADULTS ! 4 = 1 4 = ! 4 x !
! SESSIONS | GN Ty R R D !
] ! F.(3,215)=26.17 | F.(3,70)= | F.(3,70)=12.37 !
i ! p¢.0000 g NS ! p¢.0000 !
! ] 1234 1 1234 ] 1234 ]
11= 5-6 Y.0. ! 1 11 11 !
12= 9-10 Y.0. ! 2 * 12 12 s !
13= 14-15 Y.0.! 3 x s 13 13 ' s !
!%2= ADULTS 14 : s 12 14 s x !

- e e e = - - —— e e e T D SR G W e G S R S G S e R G e G e YR R P e e e G R e A

TABLE 41 : MTR : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type., in the first session.
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MEAN LATENCY TIME (MTL)

e e o = = v am - . e = -  m = W m e e e e e = e e . = T e e = e T e M m e Am A AR = - - . —— . = e = e - -

! SESSIONS | N ! N ' N !
1 ! F.(3,69)=8.34 ! F.(3,69)=8.44 ! F.(3,63)=13.42 |
5 5 p¢.0001 ; p<.0001 ! p<.0000 !
! ] 1234 ! 1234 1 1234 !
f1= 5-6 Y.0. ! 1 ! 1 ' 1 ]
12= 9-10 Y.O. | 2 . ! 2 . 2 3 1
'13= 14-15 Y.0.} 3 * ! 3 ® 3- b !
'4= ADULTS ' 4 . ! & : AR !
|__SESSIONS | R R Y. N
] ! F.(3,68)=14.86 ! F.(3,68)=11.5 ~-F.(3,68)=17.34 |
; ; p¢.0000 : N5 p<.0000 ;
[ f 1234 1 1234 1234 !
1= 5.6 Y.0. ! 1 ! 1 11 '
12- 9-10 Y.O. 1.2 * ) * 12 s !
13z 14-15 Y.0.1 3 - ! 3 * 1 3 ’ f
12= ADULTS g . [ * [ ’ ]
| SESSIONS 1 N 1 D ! N !
! ! F.(3,70)=4.55 | F.(3,70)=16.18 ! F.(3,70)=7.73 !
' ! p¢.0056 5 p¢.0000 ! p¢.0002 i
! i 12 24 ! 1224 i 1234 ]
1= 5-6 Y.O. ! 1 11 11 ]
12= 9-10 Y.O. ! 2 . 12 . 12 = ]
13= 14-15 Y.0.! 3 s 13 . {1 3 s !
142= ADULTS 14 * 14 ’ ! & v !
| SESSIONS | D ; R ' N i
1 i F.(2,67)=18.62 ! F.(3,67)=13.14 ! F.(3,67)=5.15 |
3 ! p¢0.0000 ! p<0.0000 ! p<.0029 !
] ! 1234 ! 1234 ! 1234 1
11= 5-6 Y.O. ! 1 [ = (1 '
12= 9-10 Y.O0. | 2 * ) * i 2 : !
13- 14-15 Y.0.1 3 x = 13 * oz '3 . !
'4= ADULTS g * !4 - A . !
| SESSIONS ! R ! D ' N }
1 '  F.(3,70)=1.32 ! F.(3,70)=3.52 ! F.(3,70)=5.19 !
§ % NS ; p<.0193 ; p¢.0027 ;
! ! 1234 ! 1234 f 1234 ]
1= 5-6 Y.0. ! 1 v ! 1 ! 1 1
12= 9-10 Y.0. 1 2 * ! 2 = 12 s !
13= 14-15 Y.0.! 3 * 1 3 . t 3 * !
14= ADULTS ' % x x [ . !4 . !
! " SESSIONS ! GN 1 R v D '
! ! F.(3,215)=23.76 ! F.(3,70)= ! F.(3,70)=18.62 |
; ; p¢.0000 ; NS ; p¢.0000 ;
! ! 1234 1 1234 ! 1234 ]
11= 5-6 Y.O. ! 1 11 11 : !
12= 9-10 Y.O. t 2 * 12 12 * !
13= 14-15 Y.0.! 3 ’ 13 13 : '
t4= ADULTS 1 4 * 14 14 v e !

TABLE 42 : MTL : ANOVA (age) and Newman-Keuls test for each
experimental group, in each session, and for each matrix
type, in the first session.
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